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PREFACE 


Sand is one of the most abundant substances in the world ; its 
present and possible uses are multitudinous, and far greater than 
is generally realised, for, notwithstanding their abundance and 
usefulness, sands have been studied to a very limited extent. 
Like the clays, which are so complex in structure that few chemists 
care to study them, and consist of such small particles that geologists 
and mineralogists can only investigate their properties with the 
greatest difficulty, sands have largely been neglected by the Univer- 
sities, and most users of sands have had neither the facihties nor 
the training to investigate them as fully as is desirable. This 
neglect, until comparatively recent years, of the systematic study 
of sands and other detrital sediments is the more unfortunate as 
many of them are of great commercial importance. It is now being 
increasingly realised that this branch of natural science presents a 
very wide beld which, if developed, will prove of untold value to 
the many industries connected with such materials. 

Hpeeial mention should, however, be made of Professor P. G. H. 
Boswell’s Memoirs on Sands suitable for Glass-maldng (Longmans, 
Green & Co.), and Refractory Sands for Furnace and Foundry 
J^ur poses (Taylor & Francis), which are excellent examples of 
the valuable work in applied science which can be done by an able 
investigator acting under the au.sjhccs of a Government Dc'partment 
hi corinec.tion with a subjec.t of this nature. 

These and numerous papers by other investigators naturally cover 
only c.ei'tain aspects of the subject, and, as there is no book in the 
English language which deals with the .subject of sands and crushed 
siliceous rocks in all its aspects, it has, hitherto, been impossible for 
any owner of sand to ascertain readily for what purposes his material 
is suitable. Similarly, users of sand and allied materials have not 
been able, without an excessive amount of labour, to ascertam the 
most likely sources of material suitable for their requirements, or to 
consider whether methods of treatment extensively used in other 
industries may be applied with advantage to sand. 
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PREFACE 


The purpose of the presen.t volumes ic to summarise in a con- 
venient form such geological, chemical, and mineralogical informa- 
tion on sands as is likely to prove of value to those engaged in the 
digging, sale, and many uses of these materials, and special attention 
has been paid to the properties which are respectively desirable and 
harmful in sands used in various industries. It is hoped that, by 
this means, sellers may find suitable and possibly unexpected 
purchasers, and users may ascertain what to look for and what to 
avoid when ordering supplies of sand. 

As the nature of the many sands cannot be rightly understood 
unless their geological origin is appreciated, the various modes in 
which sands have been formed are described somewhat fully. 

To facilitate the study of any particular product, and to assist 
those readers whose interest is confined to certain chapters, a small 
amount of repetition has been regarded as permissible, and numerous 
cross-references have been inserted. 

In addition to the information gained in his practice as a con- 
sultant on various siliceous materials, the author has, for many years, 
read all the leading British and foreign scientific and technical papers 
dealing with these subjects, and a considerable amount of information 
therein has been included in the present volume. All the relative 
British patent specifications have been examined, and the leading 
features of those which, in the author’s opinion, are of value have 
been mentioned. 

The author has also been greatly assisted by information willingly 
contributed by some of his clients, and by that obtained from a 
large number of other sources, which he has acknowledged as far as 
opportunity permitted. Since the subject covers so wide a field, 
and information concerning it is contained in so many publications 
not readily accessible to the readers for whom this volume is written, 
it has been considered undesirable to give full references, as these 
would occupy a large amount of space without serving any pro- 
portionately useful purpose. 

In collecting the information contained in the following pages, 
the author has had the invaluable assistance of Mr. W. L. Emmerson, 
who has also read the proofs ; Mr. E. Stones has compiled the 
Index. To both these gentlemen, as well as to other members of 
his staff who have rendered assistance in other ways, the author 
is correspondingly grateful. 

ALFRED B. SEARLE. 
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CHAPTER I 


THE ORIGIN AND FORMATION OF SANDS 

Sand is a term commonly used to indicate a materia] consisting 
of small grains of silica, in the form of quartz or quartzite, or of 
other minerals of a highly siliceous character, though some sands 
(such as those found in mineral placers) may contain very little 
of these constituents. It is also applied occasionally to other 
materials consisting of small irregular particles and possessing an 
ai^pearance somewhat similar to sand. Thus, when firebricks are 
reduced to a moderately coarse powder the product is sometimes 
known as “ brick-sand,” and carborundum when similarly reduced 
to powder is sold as “ fire-sand.” In this- volume, the term “ sand ” 
is us(h 1 to indicate any loose, detrital, granular material occurring 
in aee.umulations of various kinds as a result of atmospheric, 
a(iu(M)Us, cheniical, volcanic, or organic action, and of any size 
b(dAV(’('n O-Ol mm. and 2 mm. (0-0004 in. -0-08 in.) diameter, but a 
f(nv otlu'i' substances in the form of granular powclers arc included, 
as tlu\y are commonly known as “ sands.” 

No ])recise limits can be stated for the size of paidicles of sand, 
arid though th(\ ones just mentioned are usually adopted, there 
must, of iK'cessity, be some amount of libca'ty, as some materials 
known as sands contain particles less than O-Ol mm., w'hilst others 
contain pai'tiek's larger than 2 juni. in diameter. This is ]airtieularly 
the (‘as(' when the t(M'm “ sand ” is also a]q)lied to the materials 
obtained l)y erusliing sandstones and otlu-i- rocks or to those 
obtaiiual as by-products in various industj'ial ])roe(‘sses. 

The following definitions proposed by Seger arc; generally 
aee.cipted as a. standard ” : ‘ 

N///.- A11 grains between O-Ol mm. and 0-025 mm. in diameter, 
waslu'd out by a stream of water having a velocity of 0-7 mm. ])er 
second. 

Dust l^and . — All grains from 0-025 to 0-04 mm. diameter which 
aii^ washed out by a stream having a velocity of 1-5 mm. per .second. 

Fine. Fund . — All grains between 0-04 mm. and 0-33 mm. in 
diameter. 

Coarse Sand , — All particles with a diameter above 0-33 mm. 
but le.ss than 2 mm. 

1 The definitions given by other investigators will be found in Chapter 5'. 
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THE FORMATION OF SANDS 


Particles smaller than 0*01 mm. in diameter are usually termed 
day, whilst particles larger than 2 mm. in diameter are classified 
as gravel, the latter name being ai)plied to particles up to 10 mm. 
in diameter ; for still larger pieces the terms pebbles or stones are 
generally used. 

It will he observed that the use of the term sand is largely 
based on the physical properties, and particularly on the size of 
the grains, rather than on the chemical composition of the material. 
This distinction is important and should he borne in mind, as it 
explains why materials of widely different composition and differing 
from each other in many other respects are all regarded as sands. 


THE FORjMATION OF SANDS 

Sands are produced by the disintegration of various rocks by 
such natural forces as wind and water, heat and cold, etc. They 
may be derived from almost all kinds of rocks, though they usually 
originate from highly siliceous ones. As the nature of a sand 
depends to a large extent on that of the rocks from which it has 
been formed, it is important to consider these briefly. 


IGNEOUS ROCKS FROM WHICH SANDS ARE DERIVED 

Modern geologists are now agreed that all rocks have originally 
been in a moRen condition, though it is improbable that any access- 
ible portion of the earth now remains in its original condition, 
owing to the action of the weather and to movements in the earth 
itself. 

Rocks whose nature shows that they have passed through 
a molten state, and have afterwards become solidified, are known 
as igneous rocks ; they form the primary material from which 
all sands, clays, shales, and many secondary rocks are produced. 
After being exposed to the weather, and to various chemical and 
mechanical agencies, they are converted into secondai'y or sedi- 
mentary rocks, in a manner which is described in greater detail 
later. 

The primary igneous rocks appear to have been thrown out 
from the interior of the earth by violent volcanic action, or they 
have been injected (by pressure from below) into cracks and 
fissures in the earth’s crust, and in solidifying have formed dykes 
and veins. Although all igneous rocks are originally the result 
of internal pressure, and so are, in a broad sense, due to volcanic 
action, it is customary to divide them into three groups, the term 
“ volcanic ” being limited to those materials which have been 
thrown on to the surface of the earth in geologically recent times. 
In this way igneous rocks may be classified as (i.) Plutonic rocks, 
(ii.) Hypabyssal rocks, and (iii.) Volcanic rocks. Each of these 
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divisions is further classified according to their chemical composition 
as shown in Table I. 


Table I. — Olassieioation or Ign-eotjs Rooks 


Origin . 

Plutonic. 

Intrusive. 

Volcanic. 

Voloanlc. 


Natures . 

llolo- 

crystallino. 

Ilonii- 

orystallinc. 

Semi- 

glassy. 

Glassy. 

Chief Constituents. 

1 . Add . 

Granite 

Quartz fcl- 
sito, civana 

Rliyolite 

Obsidian 

Quartz, felspar 
forthoclase), micas 
_(muscovite,biotite). 

'2. Sub-add . 

Syciiiite 

Minettes 

Traciliytos 

Pitchstone 

11. Sub-basic;. 

Uiorite 

Kersantite 

Andesite 



1 . TJaHlc, 

Qabbro 

Dolerite 

Basalt 

Tachylite 

i.;, ..... 

i"). Ultra-basic 

Poridotito 

Pierlte 

Liuiburgite 


or horublencle. 


Plutonio Rocks 

Idutonic roclvs consist largely of aggregates of a coarsely 
crystalliiK) chai'actor, the distinctive features of each variety 
(lependiug on the i)redominance of some one or more particular 
constituents. 

Granitic rocks are widely distributed, and form the principal 
mass of th(‘ cliief mountain ranges, especially those in Northuml)er- 
land, (kimbcuhind, Westmorland, Devon, and Cornwall, in England, 
the Crampians in Scotland, and in Antrim and Wicklow in Ireland. 
They arc^ luixturc's of various siliceous minerals cemented together 
into a hard and compact mass, the chief constituents being f(‘ls])ar, 
(puii'tz, and mica,, though leucite, m5])helin(', fre(' silica in various 
forms, and small (juantities of various other silicati^s may also be 
pi’cscmt. 

E(dspar is geiuM-ally the princi])al constitiumt, (piai'tz being 
lU'.x't in im])oi’tance, and mica, third. The (piai't/, often sui'ronnds 
and ('tieloses l(i,ss stal)le and less durable- minerals, thus netting 
as a i)rot('cting agemt. As all the most impoilant constituents 
of granite arc', siliceous, the propoilion of silica is vc'ry high, being 
usually over (ib anil sometimes as much as SO per cent. The 
si)(tciH(’ gravity is about 21)5. 

Being the oldc'st of the accessibU'! rocks, the granites are usually 
found beneath the others, but in many instances they have been 
thrown upwards by earth movements or uncovered by weathering, 
so that they also form ])rominent mountains and hills. Granitic 
rocks also form dykes and veins in sedimentary rocks of much later 
formation, or even in other granitic rocks. The material forming 
these veins and dykes is often somewhat different mineralogically 
from the main granitic mass from which it is apparently derivecl, 
and it often contains minerals not found in the latter, such as 
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beryl, garnet, and other precious stones. 'Granite rocks may, 
in fact, occur in any formation and may be produced at any time. 

The accessory minerals found in granite are sometimes in 
sufficient quantity to make them important, and many typos of 
granite are named after the particular accessory mineral which 
predominates. Thus, tourmaline granite contains tourmaline in 
]3lace of some of the mica, hornblende granite contains a considerable 
projcortion of hornblende. These accessory minerals give characitcr- 
istic colours to the granite in which they occur, and consequently 
granitic rocks from' cliiierent parts of the country vary considerably 
in colour. Thus, granite from Devonshire and Cornwall is chiefly 
grey in colour, with a well-compacted grain, in which hoj-nblcude 
is very noticeable. Nearer Land’s End, yellow porphyritic granite', 
is found containing large characteristic crystals of fels])ar kmwn 
as “ horse’s teeth ” ; whilst Shap granite of Westmorland contains 
large red felspar crystals, and takes a beautiful polish. Scotch 
granites are usually bluish grey, and so is much of that in Ireland, 
though red granite is found in Galway and Donegal. 

As granites are really heterogeneous mixtures of certain minerals, 
they have no definite chemical composition, and in the sanu^ hill 
half-a-dozen varieties may often be found, the differences Ix'ing 
due to variations in the compositions and the propoi'tions of tlu^ 
various felspars and mica present in addition to the quartz and 
accessory minerals. 

Syenites are an intermediate variety of plutonic rocivs, (U)ti- 
sisting chiefly of felspar (pink orthoclase with some ])lagiocln,s(d 
and hornblende, quartz being xmesent in a much smalUu' (piantit}' 
and only as an accessory mineral. They form a groiq) of roc.ks 
of varying composition, and bearing different names acic.ordiug 
to the predominant constituents. Zircon occurs occasionally in 
important amounts. 

Diorites are also intermediate rocks, and i-esemble gi'(\y gi'anitc's 
in outward appearance. They consist principally of pia.gio(!his(i- 
felspar and hornblende, together with accessory augihu Chiariz 
is sometimes present and inay be an important constituent in 
acid diorites. 

Gabbros are more basic than syenites and diorites, and consist 
of a plagioclase-felspar together with pyroxene minerals, containing 
high percentages of iron, lime, and magnesia, from which tlu^y 
derive the name of basic rocks. The ])articular variety of f('rr(')- 
magnesian mineral present varies in different rocks ; accjcsscjry 
quartz also may be present. 

Hypabyssal Rocks 

Hypabyssal rocks are intermediate in structure between jflutonic 
and volcanic rocks. Generally they are fine-grained, but the basic 
varieties are coarser. They are sometimes termed “ trap-rocks,” 
on account of the fact that they usually occur as dykes and igneous 



HYPABYSSAL BOCKS 


5 


intrusions in other rocks. They are widely distributed, form- 
ing large portions of the Cheviot, Welsh, and Derbyshire Hills, 
and occur less extensively in Leicestershire, South Devonshire, and 
Cornwall, the Pentland and Lammermuir ranges in Scotland, and 
the bulk of the Irish hills ; in short, the chief districts occupied 
by the “ Old Red Sandstone ” and the “ Coal Measures.” 

They are often columnar in form (cf. Giant’s Causeway), and 
are uncloubtedly of igneous origin, but some having been formed 
at great depths, some under the pressure of water, and others 
having been re-fused and passed through more than one eruption, 
their texture and character are naturally extremely varied, especially 
as some of them have been cooled more rapidly than others. 

Trap-rocks may be named, according to the |)i’Gdominating 
mineral, as augitic, felspathic, hornblendic, etc., or porphyritic 
when they are composed of the isolated crystals set in a crystalline 
magma. They are termed “ tuffs ” when soft and porous. Some 
soft earthy varieties are termed “ wacke.” 

The principal minerals in trap-rocks are dark in colour (horn- 
blende being a black or dark green and augite black or dark brown), 
and their decomposition products are usually dark in colour, and 
are very different from the white or almost white clays and sands 
obtained from the Cornwall and Devon granites. The colour is 
larg(dy attributed to the presence of ferrous oxide, which ])artially 
replae.e.s magnesia in hornblende and augite, and contaminates 
the products formed by their disintegration. 

The ])rincipal varieties of hjrpabyssal rocks correspond to the 
phitonie. rocks and are largely porphyritic in character. 

Porphyry is a term given to a lai’ge number of rocks consisting 
chic'.lly of a crystalline mass, in which larger individual crystals 
ar(^ ckuiiiy visible, as granite containing ])oiphyritic crystals of 
fels[)ar, or a felspar containing similar crystals of anothei- felsjjar. 
l*ori)hyri(^s are formed wluui a fused mass containing mor(' of one 
miiKM'al than is rr'quired to form a eutectic is cooled ; tlu* substance 
in ex(!(\ss forms the larger cry.stals, the magma being the (‘utectic, 
oi' substance of minimum melting [)oint. Tlu' term ])orphyry is 
not by any means conlined to felspathic minerals, though most 
poi'phyries are fels])athic. It was oi'iginally confined to a definite 
r'ed felspar found in Upper h]gy|)t, but is now used to indicate so 
many minerals that it is better to (ionsider it as indicating a 
definite ]ihysical structure or texture than as i'e])resenting a single 
minei’al. 

'riie prin(;i])al hypabyssal porphyries are : 

QiiarLz-porphi/ri/, Jelsite, or elvivns corresjionding to tlu', granite 
S(U’ies aud consisting of quartz ci'ystals embedded in a micro- 
crystalline mass of orthoclase- felspar. It is sometimes termed 
mie.ro-granite on account of its resemblance to granite. Quartz- 
porphyries exist chiefly as intrusions or dykes in the overlying beds, 
but tile term is also used in Cornwall for fine-grained granites. 

Syenite-porphyry consists of fine-grained felspar, forming the 
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ground-mass .and containing isolated crystals of biotite and horn- 
blende. 

Diorite-porphyry consists of a fine gronnd-mass containing 
crystals of plagioclase-felspar, biotite, and hornblende, quartz also 
being present in some cases, either as an accessory or as a cement. 

Dolerite is a coarsely crystalline variety of basalt which is early 
decomposed by saline solutions and by the action of the weather. 

Felstone or Claystone is composed essentially of amorphous 
felspar, but becomes felstone-porphyry when crystalline masses 
of felspar are found in it. 

VoLOANio Rooks 

Volcanic rocks to some extent overlap the previous section, 
but may be taken generally to include recent volcanic accumulations 
as lavas which, when cooled, form various trachytes, basalts, and 
tuffs of all kinds from glassy obsidian to a soft earthy material, 
and in pieces of all sizes from large masses to the finest dust. This 
dust, when moist, often forms a kind of hydraulic cement, which 
binds scoriae, small stones, and sand into conglomerates, breccias, 
etc. Alone, it forms pozzuolana and trass, 

The following are the principal varieties of volcanic rocks : 

Rhyolite is a crypto -crystalline to glassy rock of similar chemical 
composition to granite ; it sometimes contains quartz crystals and 
clear felspar. 

Trachytes are equivalent to the syenites, the ground-mass behiig 
felsj)athic and containing isolated crystals of felsj)ar, hornblende, 
biotite, or augite. 

Phonolite or Clinkstone are easily decomposable rocks having 
a ground-mass of sanidine and nepheline in which occur cry.sials 
of orthoclase -felspar, nepheline, and pyroxene. Leucite may also 
be present. 

Andesite is a porphyritic rock having a felspathic gromid-inas.s 
and including crystals of labradorite or andesine, together with 
biotite, hornblende, and augite. 

Dacite contains quartz in addition to other constituents. 

Basalt is a dark brown rock consisting chiefly of plagiocdascv 
felspar and augite, together with magnetite and olivine. 

Variolite and Tachylite are basaltic glasses. 

The Pitchstones are closely related to felstone, but have a, 
vitreou.s lustre resembling pitch when broken. 

From the above it will be seen that the original igneou.s rocks 
from which others are derived consist of aggregations of crystals 
more or less cemented together to form compact rocks. The 
rocks are disintegrated under the influence of different natural 
agencies, forming detrital sediments of various kinds. 

The character of the sediments produced will depend on : 
(a) the nature of the original rock, (6) its chemical composition, 
(c) the ease with which it can be disintegrated, and {d) the agencies 
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to which it is subjected. Thus, the sand derived from a rock 
containing a large proportion of felspar will tend to be felspathic, 
whilst that from a rock consisting of almost pure quartz will be 
a very pure silica sand. The more detailed consideration of the 
nature and chemical coniiposition of the minerals composing the 
original rocks will be found in Chapter IV, 


FORMATION OF PRIMARY SANDS FROM 
IGNEOUS ROCKS 

The agencies responsible for changes in rocks may be divided 
into two classes : 

(a) Bypogenic actions, which are the result of heat or chemical 
activity, and are closely connected with earthquakes and volcanoes. 
Where they occur, minerals tend to become consolidated or even 
crystalline and to form new minerals. These changes are sometimes 
known as metamorphoses. When air or other gases, and super- 
heated steam or other forms of water vapour, take part in these 
changes they are Imown as pneumohydrogenic ; or if air and other 
gases without water form the chief chemical agent, the action is 
said to bo of a pneiimatolytic nature. The chemical and other 
cihangcs involved are so numerous and so complex that no single 
t(irm for the whole of them can be completely satisfactory, though 
Sir C!harles Lyell’s term “ hypogenic ” (meaning “ formed under 
th('. surfaces ”) is convenient, as distinguishing all those changes 
which, are of an internal and not of a sujierhcial nature. 

{h) E'pigenic or surface actions arc pi-oducful by the circulation 
of ail' and water, and to some extent by the alternation of heat 
and cold, hpigenic actions may conveniently be summarised 
under the term “ weathering.” 

Hypogemic! actions are largely of a constructive nature forming 
mnv compounds, so that they ozily ])lay a limited ]airt in tlie 
production of sands, whilst ejzigenic actions, being in the main 
(l(^struc-tiv(y chTecd more directly tlie formation ch sands. Thus, 
hypogenic actions appear to ])lay the chief ])art in the production 
of souu^ clays, but epigenic actions ai'c usually, though not always, 
tlu' ehi(h' producers of sands. 

I’he formation of primary sands may be stated brieliy as con- 
sisting chiefly in the destruction of primary I'oeks by ejugenic 
action, aided to some extent by hypogenic action. The loose 
aggi'cgatioii of minerals, produced by the destruction of the bond 
in the compact rocks, is further acted upon by various natural 
agcmcies to form beds or deposits. When these beds or deposits 
are subjected to further weathering, secondary sands are produced 
from the jzriniary ones. In such cases, one class of minerals is 
generally concentrated in one bed of sand, whilst another class 
of minerals will form the bulk of another bed, which may be at 
some distance from the primary sand deposits. 
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Hypogenic actions are chiefly of value in the formation of sands 
len they cause such changes in the chemical composition of the 
arious minerals composing the rock as to render them more easily 
disintegrated by epigenic action, or when they cause splitting, 
cracking, or other physical disturbances in the primary rocks and 
so tend to render the latter less resistant to epigenic action. Such 
changes have occurred chiefly during the cooling of the igneous 
rocks after their discharge from the interior of the earth. Within 
the interior of the earth itself the materials cool so slowly that 
large crystals of felspar and other minerals can form, and probably 
float about in, a pasty liquid made up of fused minerals. When, 
however, a mass of this pasty liquid is discharged by extrusion 
or volcanic action, the liquid portion cools relatively quickly, 
with the result that crystalline matrices are formed, or — as in 
many cases — a natural glass is produced. The coarser portion is 
known as the “ plutonic ” or slowly cooled phase, and the nnuth 
finer crystalline or glassy magma is the “ volcanic ” or ra]udly 
cooled phase of the same material. In this way, the physical 
conditions of the minerals at the time of their discharge determines, 
to a large extent, whether they form granitic, hypabyssal, or 
volcanic rocks. The first named appear, to a large extent, to 
have been intruded into the overlying rocks in a pasty or almost 
solid condition. The hypabyssal rocks, on the contrary, a]q)cmr 
to have been poured out in a semi-liquid form as lava, and to have 
cooled more quickly, whilst the lava 'from more recent volcanit! 
action is still, in some cases, undergoing the rearrangement of 
its constituents, which is included in the term hypogenic action. 

The ever-changing internal pressure of various parts of th,e 
earth’s crust brings about important modifications in the naturi' 
and characteristics of the rocks affected by it. Sudden uplu'.avals 
or depressions of the ground may occur, and may result in scuious 
changes in the physical character of the neighbouring rocks. 
Volcanic action may cover a rocky mass with lava, and tlu^ lieai; 
from this may cause a further change in the character of the rock 
itself, and the effect of enormous pressure (caused by large imussc's 
of other rocks being piled up on a particular bed of mateiial) i.s 
usually to consolidate a material so much as to change it from a 
bulky, amorphous substance into a mass of com])act crystals. 
In this way, many rocks have changed their character comyflc'tc'lw 
The chemical action of various vapours and of substancc.s iii 
solution is also re.sponsible for many change, s in the conq)osition 
of rocks. Thus, the action of subterranean vapours of fluoiiiui 
and boron emanating from the fissures and joints in igneou.s rocks 
during the dying phases of pneumatolytic action may cause changes 
(such as kaolinisation, and the decompo,sition of various calcium 
and alkali-silicates, such as felsyrar, mica, etc.) in ,such rocks, 
which will render them more easily disintegrated when subjectecl 
at a later date to epigenic actions. More recent investigations 
by Ussher and others appear, however, to support Vogt’s hypothesis 
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that carbonic acid was the principal, though probably not the only, 
gas involved in such changes. 

The action of water containing other dissolved substances, 
when circulating through igneous rocks at great depths, ;,inay also 
play a considerable part in the decomposition of these rocks, 
especially as the experiments of Bogojwlensld. and Tamman have 
indicated that under a sufficiently high pressure all acids and bases 
are equally active. Moreover, J. M. Coon has pointed out that 
three well-known series of joints or fissures in the granite formation 
in the Hensbarrow district, in Cornwall, are so situated that the 
intertelluric water will be in constant alternation according as the 
seasons are wet or dry ; and in flowing from one boss of granite 
to another, much of the water will descend to great depths, and 
will become heated and charged with such substances as are soluble 
under thcise conditions. Such water rising upwards and again 
infiltrating through the granite mass will tend to decompose it, 
yielding sands and china clay as two of the most important 
products. 

Epigenic actions comprise all those changes in the composition 
and distribution of minerals which are brought about by the action 
of air, water, and ice in conjunction with climatic conditions, 
and which are Icnown as “ weathering.” Epigenic actions are of 
three main kinds : 

(a) Atmospheric agencies, including wind, frost, glacial action, 
chemical decomposition .such as oxidation, carbonisation, dehydra- 
tion, changes in the colloidal state due to heat or drying, etc. 

(/>) A(jU(!o\is action, including that of rain, sea, tides, currents, 
streams, rivcM's, etc. 

(c) Organic action, iiieluding tliat of animals, vegetation, etc. 

in tlu'se, nu'chanical and chemical infiuences unite and operate 
in a higldy complex manner. 

ATMosninKfu Aa enciks 

Air plays a, vei’y important ])art in the disintegration of rocks. 
Its action is partly mechanical and partly elumiieal. When dry 
it has littk'. elKunical influence, unle.ss the rocky material is rather 
moist, when oxidation often occurs, as in the conveu'sion of greenish 
or black lerrous compounds into I’l'd ferric ones. 

(iarbon dioxide is contained in air in very small proportiem, 
but the total (piantity ])rescnt is very great. This gas dissolves 
rc^adily in water and forms carbonic acid, which combines with 
fi'c^e ba.ses oi‘ very weak salts in the rocks and forms cai’borifites 
and bicarbonates. As a solvent (fi various minerals, its action 
is best considered in another section. 

Rapidly moving air (wind) disintegrates rock, partly by remov- 
ing the sinaller ]}articles and so exposing the remainder to other 
agencies. Its action is also abrasive, as it blows any loose materials 
against the rock surface and abrades it. In the form of a gale or 
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hurricane, air moving at a high speed will often carry large ]oiocos 
of rock for a considerable distance, and may cause the disintogi-ation 
of others by the- hammering action of the ]heces it carries. Strong 
winds carrying with them inexhaustible suj)plies of sharj)-edgod 
grains form a natural sand-blast whose action is the saiiu', as 
the artificial sand-blast used in many industries (see Vol. II. 
Chapter XIII.) 

Many rocks of peculiar shape have been produced by thc^ 
abrasive action of wind-home particles upon their surface. Tyjfical 
examples of this action are to be seen in many parts of this country, 
as at the Brimham rooks, Harrogate, the Bride Stones, near 
Todmorden, and the Bride Stone, near Pickering. The Sphinx 
owes much of its present outline and polish to the action of a 
natural sand-blast. The abrasive action of sand and dust carried 
by the wind against other rocks is one of the most impoi’tant 
weathering actions in hot, arid lands, such as deserts. 

Temperature changes in the atmosj3here have a very important 
action in disintegrating rocks. The heat of the sun, transmitted 
through the atmosphere to the rocks, causes those near the surface 
to expand, particularly in tropical countries, and the contraction 
which takes place at night (when the tempeerature may fall over 
50° C.) is frequently a powerful factor in the breaking up of such 
rocks. The daily variations only affect the ground to a small 
depth, but the seasonal changes have a much greater influence'. 
If water enters into crevices between jpieces of rock and fre^ezos, 
it will exj>and and so will tend to break the rocks by its ])ressur(i ; 
whilst if a rock is at all porous and is saturated with water pi-ior 
to freezing, the disintegration will be more compolete. This action 
is more noticeable on higher ground, where soil does not gather, 
and in mountain ranges the cracking of the rocks in winter may 
frecpiently be heard. When large masses of rook become detaeheci, 
an avalanche or landslip) is the result, and this mechamcally causes 
a further breaking up) of the rocks by the force it exerts in its p){issa-gc'. 
to a lower level. 

The action of frost is pcarticularly impoortant in the Ai'ctie 
regions, and at high altitudes, and in those places forms one of tlm 
most potent weathering agencies. The sharpD and angular ])ealvs 
characteristic of high altitudes are due to the shattering iiction 
of frost. It should be noted that frost works by disintegration 
and not by the decomposition of the rock. 

The atmospahere also has an oxidising action upDon many minerals 
and aids in the disintegration of rocks. Sulphides (such as pyrittvs, 
marcasite, and payrrhotite) become oxidised, nitrates and carbonatc^s 
may be formed, and these and other compDounds are frequently 
hydrated, paroducing haematite, magnetite, and hydrated iron 
compounds such as limonite, .goetliite, and turgite. The sul])hur 
in some minerals, when oxidised, forms sulphuric and other acids 
which also exert a chemical action and form compounds such as 
the alums and gypsum. Various metals are also affected by 
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weathering and produce oxides and other compounds of little 
importance from the point of view of the student of sands. 

Snow and Ice are the most potent weathering forces in very 
cold lands and at the highest altitudes. They have a mechanical 
action in disintegrating rocks which is similar to that exerted by 
rivers (p, 12). The snow on mountains forms large masses or 
“ fields,” and, as the lower portion melts, these masses slide down- 
wards — often with great speed — and the resulting avalanches do' 
serious damage to the rocks over which they pass. All the loose 
boulders in the path of an avalanche are carried downwards, and 
if the mass is arrested by a projecting rock, its weight is often so 
groat that, in many cases, the stop is only temporary ; the rock 
eventually gives way and falls with the snow into an adjacent 
valley. 

Still more powerful in its total results is the snow which 
accumulates in the upper valleys. As its depth increases, the lower 
layers are compressed into ice and the whole mass becomes a flowing 
river of ice and snow. Such a “glacier” behaves very similarly 
to a river in its action on the land over which it passes, though 
its cfh^ct is more intense and its power of carrying boulders is much 
groatei-. As e.revices or cracks form in the ice, huge masses of 
rock resting on the sui'face fall into them and slowly sink to the 
bottom. I'herci they are crushed and ground and carried forw'ard 
until the i(!e melts and mo.st of its solid burden is left deposited, 
only the linest ])articles being carried forward by the water pro- 
(UicchI. Tlui banks of a glacier are not so rough and irregular as 
those of a river, but are smoother and more rounded, the harder 
st(m(vs having curious scratchings on them, which are pccidiar to 
gla(!i(U' aeddon. 

d’he c.hi(d' ])roducts of glacial action arc large de])osits of 
(a) h(d/erog(uic.ous non-plastic material consisting of an irregular 
mixtur(', of sand, gi'avel, and large stones, and (/;) a tough, j)lastie 
(day (known as Boiddcr (kiy) which contains a considera-bk' pro- 
portion of sand and gravel and a smaller ])ro[)ortion of p(d)l)l(‘s. 

A(.^uk()Iis At"ri()js 

action of wat(!r in tlus form of I'ain, I'ivers, or tlu' sea upon 
rocks is of three kinds — (a) abrasive, (h) solvent, and (c) a change 
in the colloidal state of the material (p. IS). Jiy mechanical 
action watcu’ loosens crystals from a softer matrix, washes smaller 
or lighter particles away from the heavier masses, and by throwing 
one piece of rock against another it rounds them into almost 
globular pebbles. Jf water can enkw beneath a piece of rock it 
may, in time, loosen it and cause a landslip. 

Springs have an iinjxwtant (^pigciiiic action in many places, 
pai-ticularly near the coast, where it is usual to think of the erosion 
as the work of the sea. In reality, springs may do a large share 
of the work by looseiiing the soil and facilitating the later action 
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16 sea-water. This is particularly noticeable on the coast 
'ley (Y'orkshire), in one part of which at every few hundred 
) springs of water may be seen issuing out of the sandy cliff, 
..ng fissures in the soil and preparing it to bo washed away 
uhe next high tide. 

The solvent action of hot water on silicates is relatively great, 
and hot springs frequently contain a large proportion of silica in 
solution, but the few warm springs in England are not of importance 
in the formation of sands. 

Rivers and Streams act chiefly as abrasive and transporting 
agents in the disintegration of rocks. The material enters the 
water in various ways ; it may fall in as the result of a miniature 
landslip, or after it has been blown away from its site by a gale ; 
it may be washed in by the accumulation of many raindrops, each 
carrying its own grains of material ; or it may enter as the result 
of the stream undermining its bank, parts of which then fall into 
the water. 

On entering a stream, most fragments of rock are angular and 
irregular in shape, but during their passage they rub against one 
another and against the floor and banks of the stream, and so 
become rounded (unless of unusual hardness) and are gradually 
worn down. The particles thus removed form clay, sand, and 
gravel, and are carried forward more rapidly than the stones, 
which are either deposited at any point where the speed of the water 
is sufficiently reduced, or are carried onward until they reach tlio 
sea. The distances through which the finest particles may be 
transported are exceedingly great. 

The amount of material transported by rivers is enormous, 
the Danube delivering some seventy million tons annually into 
the Black Sea. The amount of material carried depends on thc^ 
volume and velocity of the water, and on the size, shape, and 
density of the solid particles. D. Stephenson has ascertained 
that the bottom of a stream of water moving at the rates sIkjwu 
in Table II. will move the materials mentioned in the third column. 


Tablis II. — Size or Gkains carkied by Streams 


Volouity of Stream. 

Material moved. 

luelieii per Secotul. 

Miles per Hour. 


0-17 

Fine clay. 

0 

0-34 

Fine sand. 

8 

0-45 

Sand as coar.se as linseed. 

12 

0-68 

Fine gravel. 

24 

1-3G 

Pebbles 1 inch in diameter. 

30 

2-05 

Stones the size of hen’s eggs. 


Under experimental conditions in the laboratory, water flowing 
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with a much lower velocity will carry away particles of clay and 
sand in suspension. Thus, in the mechanical analysis of soils it 
is customary to use a velocity of only 0-0072 in. per second for 
separating the clay, 0-28 in. per second for separating grains 
between 0-0004 and 0-001 in. diameter, and 0-61 in. per second 
for grains between 0-001 in. and 0-0016 in. diameter. Stones and 
other insoluble solid substances ajDpear to lose about half their 
weight when immersed in water, and, consequently, large masses 
may be carried along by a stream which would not move them 
if they were not completely immersed. For this reason, also, the 
power of a stream is greatly increased during a time of flood, when 
both the volume and velocity of the water are much greater. 
Neither the surface velocity nor even the mean velocity of a river 
can be taken as a measure of its power of transport, but only the 
bottom velocity, that is, the rate at which the stream overcomes 
the friction of its channel. Rounded stones are most easily trans- 
ported ; flat angular ones are moved only with difficulty, as they 
present less surface to the current. 

Owing to this continual grinding of the bottoms of streams 
and the undermining of the banks by the abrasive action of the 
stones and the solvent action of the water, the land through which 
a current of water travels is gradually cut away and forms gorges, 
chines, and Aaillcys. A sudden drop in the ground forming the 
bottom of the river may form a cataract or waterfall, at the bottom 
of which the. erosive force of the water will be still greatca- ; the 
battei'ing of the stones in the water gradually bi-eaks down the 
weir and causes it to wear away slowly. Fivers thus tcmd to cut 
fissures and valleys in the land over which they pass, and also cause 
a levelling of the land over which they flow. In more level stretclu-s 
of (!ounti-y — particularly if its (ioursci is winding — a riv(a' often 
altei's its dircahion sonu'what ra])idly ; this is due to fr(;quent 
bends reducing the spew'd of the water and so jxu-mitting sonu- 
of the sand, stoiu's, (fle,., to b(' d(‘])osited. At (wery change in 
dina-tion of flow tlui water with its bui-df'ii of miiua-als imping('s 
on tlu' bank and gradually cuts its way on tlu- out(>r edg(' in fJu' 
laaid of tlu' sti-('a.ni ; and a,s tlu' speed of th<^ sfrcaim is rc-duec'd 
at tlu^ iniu'r calgi' of the Ix-nd, sonu- (h-position of material talvC's 
place. If the riv('r cuts through tlu^ oul.(-r edg(‘ of the bend morci 
ra])idly than tlu^ matt(-r which is displaced is (h-posifed on tlu- iniu-r 
one, a shoi't-c,ut chaniud is fornual and a largi^ poition of tlu- oi-iginal 
courscy sometinu's amounting to scn-eral thousand a(a-t's, is k^ft (Iry. 

Whilst all British rivers flow dire(-tly or indirectly into th(' sea, 
which thej-eby beconu's the great receptaede foi- tlu' miiu'i'al matk-i's 
carried by tluun, there is an enormous ])roportion of sand and gravel 
which never readies the sea, but is sto})ped at various j)oints along 
the banks of the rivews, as just explairu'd, and when tlu^ cours(^ 
of the water has changed, these (le])osited materials form beds 
which are of groat value on account of the sand which they contain. 

Sea-water produces a similar effect to rivers and streams ; 
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but as its relative movement is very small at great depths, a much 
greater amount of deposition of mineral matter takes place. The 
force of the sea as a grinding agent is far greater than that of rivers 
and streams. Huge blocks of rock arc churned and ground as 
in a monstrous mill and are reduced to pebbles and finally to sand 
and clay. The tide causes an almost incessant battering and 
washing'away of .material from the shore, and this is carried towards 
the more slowly moving parts of the ocean and there deposited. 
The action of the tides is most ofEoctivo in the crevices between 
the rocks into which the water enters with almost explosive violence, 
at a pressure of two tons or more ]-)er square foot. Caves arc 
hollowed out by the direct mechanical action of the water and of 
•the boulders which it hurls against the shore during storms, and 
the enormous quantities of pebbles and sand around the coast 
form olocpient testimony to the force and power of imxrino action. 
The result of the action of the sea through countless ages has been 
the destruction of whole continents and the redistribution of the 
rock masses into new forms of material, which can scarcely be 
recognised, so greatly have they been changed. 

Tidal and other ocean currents are also important agents in 
breaking up and transporting rocks and in sorting them into 
particles of varying sizes and densities. In addition to the sand 
produced by the action of water on rocks, some sand is ]-)roduced 
by the action of the sea and other water causing shells to rub 
constantly against each other when moved by the water ; such 
shells are gradually ground to powder, forming what are known 
as “ shell sands ” (p. 35). 

Rain is the j)rincipal weathering agent in humid and temperate 
climates. Its action is due to the fact that on falling on to a rock 
it removes some of the ingredients by solution, and often leaves 
a crust of a soft and friable nature on the rock. This crust may 
be washed away by later rains and carried by the resulting streamlets 
for such a distance and deposited in such a manner that the various 
minerals removed may become quite separated from ciach other 
and may bo deposited each in a relatively pure state ; the larger 
])ieces will be near their source, the sand Avill be graded into several 
degrees of fineness, and the clay anrl tine silt will be cai-ilofl away 
from the rest of the material. This disintegrating action usually 
commencc's along any cracks or joints in the rock, these being 
pai'ticularly favourable to its destruction. In some cases the 
action is so marked as to make it appear ns if the rock had been 
Avorn doAvn by a river or .stream. 

Some ]'ocks, such a.s dolerite and basalt, on weathering form 
s])heroids, each having a succession of Avcathei-ed rings. An 
unstratified rock having no fissures or cracks is much less easily 
weathered than a stratified rock, as the linos of stratification are 
lines of weakness and enable the Aveather to act quite rapidly ; 
the joints are first corroded and cause the rock to break into large 
blocks and then to disintegi-ate still further, forming loose, incoherent 
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sands. The rate of weathering depends chiefly on the nature of 
the rock and on the character of the weathering agencies. In 
some cases a perfectly fresh surface is ■ exposed, as in the case of 
limestones, whilst in others a thick crust of partially decomposed 
matter may cover the rock, as in the case of dolerites and basalts ; 
this crust partly protects the undecomposed rock and impedes 
its further disintegration. The rocks which are most resistant to 
weathering are those which consist of particles of an inert character 
cemented into a mass which is difficult to disintegrate mechanically. 
Siliceous sandstones are amongst the most permanent rocks, as 
they consist almost wholly of quartz with a. siliceous cement, both 
of which are exceptionally resistant to weathering. Where, 
however, the rock is bound by a less resistant cement, such as one - 
of a ferruginous, calcareous, or argillaceous character, disintegration 
is much more rapid ; the cement is more quickly removed, and in 
its absence the remainder of the rock falls to pieces, forming a 
loose, incoherent sand. 

The chief action of rain water is that of a solvent, whereby 
it dissolves some of the constituents of the rock and removes them 
in solution, and this permits of the easier removal of the remainder 
l)y wind or by the mechanical action of water. This action is 
easily seen if the surface of a granite rock which has been exposed 
for a long time l)c examined ; the quartz crystals will stand out 
clearly, whilst the felspai-s have been corroded. This is due to 
th(' slightly acid tliaracter of rain owing to its containing carbonic 
acid in solution. When its action is long continued, as in rocks 
which ai'c constantly exiioscd to the wcathc^r, the felspar is broken 
down, some of the alkalies being dissolved out as carbonates and 
carric'd a, way in solution, leaving a (!crtain amount of silica free ; 
tlu^ strength of the rock is greatly reduced in this way and the 
grains arc loos(med, the action being further hastened by the fact 
that- wat(U’ (containing sodium or ]iota.ssium earbonatec can dissolve 
silicca- and thus can reniova' some' of the silica prcc.scuit in the felspar. 
In tinuc tlu' rock bccconucs entirely rotted and many of tluc felspar 
crystals are looseiu'd and washed away from tlu' (pnutz. In diu‘ 
cours(c th(' (piar'tz crystals will a, Iso fall away as their ccMiK'niing 
medium or matrix is dissolvcal. 

In this inaniK'i' watei' lii'st acts as a. sohamt in “ cori'oding ” 
th(c rock a,nd afterwards mechanically lamioves llu' decomposed 
mat('rial, which would form a proteective covering for tlu' gc'ueral 
mass of rock. 'TJic J'ain, however, ke('])s the surface' of tlu' rock 
comparativ('ly clean by washing away much of the “ corrcKled ” 
matei'ial and thereby facilitates continued action. 

Whore such " corroded ” rock material is deposited close to 
its source, having been transported only a short distance, it is 
somc'times known as arkose. It consists ])ractically of the same 
minei-als as tlu' original material, though some of the liner grains 
(as of china clay) and some of the soluble substances may have 
been removed. 
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If any oxidisable materials are present they will he oxidised 
y contact with rain water, or, if the latter contains much humus, 
ome oxides may be reduced. The loosened particles are then 
cashed out mechanically by further supplies of water as previously 
stated. 

The general result of the action of water (of whatever nature) 
is to wear down the higher portions of the earth’s surface, to grind 
down the large masses, and to transport the ground material to 
a lower level. Some of this material is carried in solution (as salt 
in sea-water), but by far the greater part of it is borne mechanically 
by the moving water. As soon as the velocity of the water is 
reduced some of the heavier particles begin to sink, stones and 
gravel settling out first, then the sands of varying coarseness or 
fineness, and finally the silt and clay. 

The process of decomposition of granite rocks by the solvent 
action of water — especially of water containing acid in solution — 
is known by the general name kaolinisation, as one of the most 
important commercial products is kaolin or china clay. The felspar 
in the granite, when subjected to the solvent action of water, 
yields kaolin and free silica, the potash and some of the other 
bases being removed in solution ; the particles of quartz, mica, 
etc., are thereby loosened and can be separated by exposing the 
rock to a stream of water. As clay consists of much smaller 
particles than sand, the clay is more readily carried away in 
suspension in the water, whilst the larger particles remain as sand ” 
and fragments of imperfectly decomposed rock. Whilst it cannot 
be supposed that such kaolinisation is the source of all primary 
sands, it is of sufficient importance to warrant further investigation. 
It is often followed by a process of separation , in which, as already 
indicated, the clay is wholly removed and re-deposited at a distance 
of several miles from the original location of the undecomposed 
rock. It is very difficult to estimate the xmecise iinjoortance of 
kaolinisation as one of the original causes of the formation of 
sands from igneous rocks, as the subsequent processes of iSTature 
which have occurred have, in most cases, destroyed all vestiges 
of the original rock. 

The solvent action of water is of great importance in the 
disintegration of many rocks. There is scarcely a mineral which 
is not slightly soluble in water, and many substances are dissolved 
readily, so that the contact of water with rocks is certain, in time, 
to remove some of their constituents. If the water contains any 
acid (as carbonic acid derived from the air) or other chemically 
active material, its action is greatly increased. Thus, chalk and 
its related rocks are scarcely affected by pure water, but are readily 
dis.solved in water containing carbonic acid. Under some conditions, 
rain water containing carbonic acid can also decomiiose certain 
silicates and render them soluble. 

Many siliceous minerals, such as felspars, hornblende, olivine, 
muscovite, etc., are attacked by carbonated water and are gradually 
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decomposed, liberating alkalies, free silica, etc. Some of the silica 
is dissolved and carried away in solution and deposited as a cement 
in other rocks. The soluble carbonates produced by the action 
of carbonated water on rocks are precipitated in lakes or in the 
sea and produce limestones, dolomites, etc. 

The presence of minerals rich in iron is a frequent cause of the 
disintegration of rocks, the iron being oxidised and partly dissolved, 
thus rendering the remainder of the mass more readily disintegrated. 
Any rock rich in lime may have its lime converted into carbonate 
and removed in solution. Sulphides may be converted into 
soluble sulphates and sometimes into free sulphuric acid. 

Many spring and well waters are rich in dissolved salts of various 
kinds, such as the medicinal waters of Harrogate, Bath, etc., the 
various chalybeate (iron-containing) waters, and the “ hard ” 
waters which are heavily charged with calcium bicarbonate and 
sulphate formed by the action of dissolved carbon dioxide on 
limestone or chalk and by the solvent action of water on g3rpsum. 
Sea-water owes its saltness to the materials which have been 
dissolved out of various rocks and have been delivered to the 
sea by streams and rivers. As the various seas have no outlet 
except by the evaporation of the water (in which case the dis- 
solved salts are not removed), sea-water must continue to increase 
in saltness. 

Frequently water dissolves out certain constituents of a rock 
without altering the crystalline form of the mineral, yet completely 
changing its com]msition. In such minei'als (termed pscudornorphs) 
clay may take the form of rock-salt, silica that of wood, and many 
other striking examples might bo mentioned. 

The chemical action of water on mineral substances (hydrolysis) 
has been studied much during recent years. It is now recognised 
that water contains free hydrogen-ions (H) and free hydroxyl- 
ions (OH) under certain conditions, and that its dissociation into 
these two kinds of ions is sufficiently ]K)werful to dcK'oiuj)ose certain 
minerals such as mica, felspar, etc., and thus to produce alkaline 
solutions. 

The action of the \vat('r may be repi'csented in tln^ case of a 
sim]ile silicate by 

NaaSiO,, -h 2 H • 0 H HoSiO. + 2Na( ) H , 

a weakly dissociated silicic add being formed, together Avith caustic 
soda. The latter gives the alkaline reaction. 

Through the formation of undissociated silicic acid a loss of 
hydrogen-ions occurs, and to restoi'c (equilibrium this must be made 
good by the dissociation of more water, which is then able to attack 
more silicate, if present. 

The alkaline silicates are most strongly affected .by water, 
then the calcium silicates, but those of magnesia are scarcely 
affected at all. 

As in most cases of chemical action, the influence of time is 
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important. The solutions formed by the action of the water on 
the rocks are so dilute that the velocity of the reactions which, 
occur is sometimes so slow as to be almost inappreciable, yet so 
long have they been acting in many cases, that incalculably large 
masses of material have been completely changed. On the other 
hand, the action of rain on some materials— such as basalts and 
olivine — is very rapid. The rain water (rich in carbonic acid) 
soaks into the mass and converts the lime, magnesia, soda, potash, 
and ferrous silicates into acid carbonates. These carbonates are . 
washed out of the rock, together with the silica set free during 
their formation. 

The change in the colloidal state of some minerals as a residt 
of the action of water is sometimes of great importance. A mineral 
consisting of coarse particles may be ground so llnely by the abrasive 
action of the water that the resulting particles become too small 
to sink and take on new properties, inasmuch as they form colloidal 
suspensions or sols. These particles are so minute as to be excluded 
from the definition of “ sand.” When such minute particles arc 
brought into contact with others bearing an electric charge of 
opposite sign (such as humus), both are precipitated, and under 
favourable conditions a colloidal gel is formed. Colloidal gels 
appear to possess a honeycomb or “ space-lattice ” structure and 
are able to absorb many times their weight of water, forming a 
gelatinous mass. Silica and clay are particularly prone to enter 
into the colloidal gel state, and many of their properties are due 
to this fact (see Chapter V.). 

Oeganic Action 

The action of plants and animals in the formation and dis- 
sociation of rocks is important. Roots con.stantly pemetrate into 
' crevices, and if the ground is sufficiently soft they brealc it up, form- 
ing soil, and the decayed remains of plants and animals are con- 
stantly adding to the soil. The action of decayed plants i.s somewhat 
complicated. The first products of the decomposition of plants 
are humic acids, which by bacterial and other actions ai'o later 
decomposed into carbon dioxide and water, together with nitro- 
genous compounds such as ammonia, nitrites, nitrates, and nitric 
acid. These compounds exert a chemical action on the mcks 
with which they come in contact and so disintegrate them. 

Bacteria polay an important part by oxidising dead vegetable' 
matter through intermediate stages to carbonic and nitric acids, 
which later have a chemical action upon many rocks. Bacteria 
also act in other ways, such as decomposing iron suljrhides and 
carbonates and forming iron oxide. 

An important action of bacteria and other low forms of life 
is the production of humus and other substances which flocculate 
any colloidal sols with which they come in contact, and so increase 
the amount of colloidal gel in the rooks and especially in the soil. 
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This is a subject of which very little is known, but numerous 
investigations are now being made upon it (see Chapter VI.)- 

Weathering 

The term weathering is convenient as including all those changes 
which occur as a result of the action of heat and cold, rain, hail, 
snow, wind, exposure to air, and other atmospheric processes in 
rocks and othei’ substances. The general tendency of weathering 
is to destroy the form of all materials and so rearrange their 
(u)nstituonts as to form new substances. Thus, most granites 
will, on sufficiont exposure to weather, break down into a mixture 
of mica, quartz, clay, and other minerals, together with some 
undecomposed felspar. This destruction is brought about by the 
agencies already described and may require an enormous period 
of time ; it is largely a matter of fortuitous circumstances whether 
the products of the action of the weather remain together or are 
separated from each other, as when the clay and mica are washed 
out of the mass into sejiarate hollows or pockets. 

The extt'nt to which weathering occurs depends on the nature 
and situation of the rocks, soft porous materials in exposed 
positions bcung most alfected. Granites vary greatly in this respect. 
li()S(} has pointed out that many rocks which are unaffected by the 
most pow('rful adds in laboratory experiments weather readily 
ill nature under the apparently feeble influence of water, air, and 
carbonic aiad. This is due to the influence of the much larger 
(|nantiti(^s taking ])art in the reaction, and is a typical exanqile 
of “ mass action.” Very dilute solutions — being more completely 
dissociated into ions — are in fact relatively more active than strong 
solutions, l)ut are much more dilficult to investigate in the 
laboratory. 

ddu' ai)|)earanco of rocks is often useless as a guide to the jirobable 
('xkuit of wc'athering, as some granites and liasalts form superficial 
(saists sevau’al feet in tliickiu'ss (due to ri'inoval of alkalic'S in the 
former and lime as carlionate from tlu' lattcu’) ; wlan these crusts 
ar(' detacluHl by the aeddon of the wind and rain, they form (U'jiosits 
-often of gri^at thickness— of a chara(d(*r entiredy difh'nnt from 
that of tlu^ original rock. In otiuu- cases tlu' wcvither exerts a 
sel('ctiv(i action, so tliat some fo.ssils and nodules can be more 
readily pickc'd out of a weathered rock than a fr(\shly c‘xposed one. 

Most I'ot'ks wiaither in a charac.teristic manner which facilitates 
tlu'ir identification (weii at a distance. This di-sintegrated matter 
may form ” soil ” on the site, or it may be removed to another 
site by rain or othei- inllnence. 

The individual substances produced by the action of the weather 
are often the ri^sult of a highly complex series of reactions, both 
direct and reversible. A more detailed study of these involves 
so deep a knowledge of the laws of dilute solutions, mass action, 
etc., as to bo beyond the scope of the present volume. 
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From the commercial point of view, the chief effect on rocks 
of the weather is the formation of clays and sands. The nature 
and composition of the products formed dcpiend. to a large extent 
on the minerals composing the rode. Quartz is scarcely affected 
by weathering, and most of it remains behind after tlio other 
minerals have been removed in solution or have been decomposed. 
Felspars are frequently left behind, though they are to some extemt 
attacked with the liberation of free alkali, which is removed in 
solution. Mica is very little affected as a rule, though the pyroxenes 
and amphiboles are more easily decomposed. Some crystalline 
minerals, such as garnet, staurolite, tourmaline, sillimanite, and 
kyanite, are not attacked but are removed by aqueous transporta- 
tion and are found scarcely corroded in some detrital sediimsits. 
The heavy minerals, such as magnetite, ilmenite, chromite, i-utile, 
zircon, and metal-bearing minerals generally, are only slightly 
affected by weathering. 

It will thus be seen that the primary sands are produced by 
various actions, as a result of which the original igneous i’ 0 (‘,ks 
are decomposecl in various ways, the boiul which forms them into 
a compact mass is destroyed, and any fine material, such as clay, 
which may have been produced is washed out by aqueous action, 
leaving behind a loose deposit of grains of the different minerals 
composing the original rock. When such a deposit is more or- less 
protected from any weathering action, or where very little weatlici'- 
ing occurs, such a bed may remain in its original condition 
indefinitely, but in most cases primary sands arc trans])orted to 
other locations, rearranged, separated, and so eventually forun 
different deposits. 

The disintegration of rocks gives rise to particles of various 
sizes, from large boulders and pebbles to sand, dust, or mud. 
The larger ones, such as boulders and pebbles, do not comu'rn 
the reader of the present volume until they have been still furtluu' 
disintegrated into smaller particles of various sizes, cxcoi)t wluu'c'. 
they are found close to or amongst the finest deposits, as in tlios(': 
formed by torrential rivers and the littoral deposits along ccu-tain 
sea coasts. Glacial deposits also contain a large inojxjrtion of 
boulders which may or may not be mixed with finoi' matcM'iaJs 

(p. 11). 

THE FORMATION OF SECONDARY DEPOSITS 

After the primary sands have been formed by the decomposition 
of igneous rocks,^they tend to accumulate in the form of secondary 
deposits as the line particles gradually settle to the bottom of the 
streams, rivers, glaciers, lakes, or seas in which they were carrual 
in suspension; To some extent, also, particles of primary sand 
carried away by_ the wind form secondary deposits when the 
velocity of the air is reduced sufficiently 'to cause the air-borne 
particles to be deposited. It will thus be seen that the action of 
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rivers, lakes, seas, earth movement, wind, and a variety of other 
forces which tend to the removal of the primary sands to some 
distance from their place of origin, also jplays an important part 
by depositing them in beds of varying thickness and purity and 
of a density varying from a loose surface deposit to a compacted 
sandy rock. These deposits may, in turn, be further changed, 
classified, and transported until all trace of their original form is 
lost, so that, although the destructive action of various natural 
agencies has been chiefly emphasised in the foregoing pages, the 
influence of such forces in collecting the particles of primary sands 
is equally important. The gtains of sand which have been pro- 
duced by the decomposition of igneous rocks are gathered together 
by many of the same agencies which aided in the disintegration 
of the rocks from which the grains were produced, and the grains 
so separated are deposited according to the density of the particles 
and the special features of the district through which they are 
carried. 

THE FOEMATION OF TEETIAEY AND OTHEE DEPOSITS 

The sands collected and formed into secondary deposits some- 
times undergo further metamorphoses and are converted into 
(piartzites, and other sandstone rocks, limestone, flints, carbonates, 
etc., in which the grains of “ sand ” are united together by a 
natural cicment — usually of amorphous silica — j^roduced by the 
infiltration of liquids containing siliceous, calcareous, ferruginous, 
or otlicr substances in solution. Those rocks may, in turn, be 
deeom|')oscd by the natural agencies ]meviously mentioned, with 
th(', result that sands ai'o again formed, though they may bo different 
in character from the primary or even the secondary sands. 

'Idle ])ro(H'sscs of disintegration and building up of rocks may 
bo rcqieati'd to any extent, and are continually in ojieration. Tluyv 
have ri'sullxul in the production of many sands of extremely complex 
nature, which offer many highly interesting problems to the 
miiKU'alogist. Fortunately, most u.sm-s of sands need not concern 
themselves with such matters, though it is im])ortant to know 
suHicicuit of the origin of sands to appri'ciati' such ])roblems when 
they arise. 


THE AflGRECATION OF SAND DF POSITS 

The prin(U])al agencE's which aid in the collection of sand so 
as to form de])osits are ; 

1 . Wind. 

2. Water, including rivers, seas, tides, etc. 

3. Glacial action. 

All deposits of sands, other than primary, may conveniently 
be classified according to the chief agent in their deposition, viz. ; 
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1. Aeolian, or deposits formed by air (wind). 

2. Muviaiih, or deposits formed by rivers. 

3. Ustuarine or Mavio-marine, or deposits formed at the mouth 

of rivers. 

4. LacusLrine, or deposits formed by lakes. 

5. Marine, or deposits formed by seas. 

6. Glacial, or deposits formed by glaciers. 

Aeolian Sands 

The action of wind in gathering together the particles of sand 
is very important in exposed, dry situations, i.e. deserts, some 
sea coasts, etc. 

In deserts the sandy materials are principally produced by 
dry weathering, i.e. by the bombardment of rocks by wind-borne 
particles, resulting in the production of small detached particles 
which are, in turn, carried by the wind and employed for thc^ 
further disintegration of rocks. 

True desert sands often originate by the simple breaking up 
of crystalline rocks into their constituent grains, Avithout any 
perceptible alteration in the minerals themselves. When the air 
has reached a locality where there are no rooks and where its 
velocity is sufRoiently reduced, it deposits the particles. Sometimes 
these particles are again carried by the wind and re-de])osited. 
In this way, in the course of time, vast accumulations of sand 
are concentrated in situations where there is the least disturbance, 
and there they form large beds. Where the winds are irrogulai' 
in their action, large tracts of country ai‘e gradually covered with 
wind-bloAvn sand which is constantly shifting or drifting in tlie 
various directions, taken by the wind. According to Minders 
Petrie, 8 ft. of soil has been swept away by the wind in Egypt 
during the last 2600 years, or nearly 4 in. per century. 

A certain amount of separation or grading of the sand is also 
produced by wind action. The larger particles which are less 
easily carried by the wind are moved less frequently, whilst tlu; 
finer particles are carried about and are sometimes moved o van- 
considerable distances, so that, in time, the deposits become roughly 
graded, the finer particles being on the surface and the coarsen- 
ones lower down. Thus, if the surface sand deposits on desci-ts 
are examined they will be found to be very uniform in size on acicount 
of the sorting action of the moving air. According to some ex])eri- 
ments by J. A. Udden, the action of a wind travelling at eight 
miles |)er hour on particles of vai-ious sizes is as shown in Table 111. 

The maximum size of grains carried by normal winds is about 
2 mm. diameter, but during storms much larger particles may be 
carried by the am. 

It is interesting to note how the prevailing winds have 
accumulated sand deposits in different parts of the world. Tlie 
great desert belt stretching from the Sahara in Africa right across 
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Table III. — Size oe Gbaiits oabbied by Wind 


Avorafii) 
Diaiucitor of 
I'arfciclps. 

Behaviour of Grains. 

nun. 


0-76 

Described a path diverging about 10° from a vertical line. 

0'37 

Described a path diverging about 45° from a vertical line. 

O-IH 

Described a path diverging a few degrees from horizontal. 

()-()8 

Scarcely noticed to settle in transport. 

0-04 

Aiiparently completely borne by wind. 

()-()()7 

Completely borne up by wind. 

O-OOl 

Completely borne up by wind. 


Arabia is one of the hottest parts of the world, and consequently 
the air surrounding the area tends to rush towards this hot desert 
to occupy the space of the heated air rising from it. For this 
reason there has been little chance for the sands produced by 
disintegration of the rocks in these areas to be distributed, and, 
eons(',quontly, they have accumulated and formed large tracts of 
d(\s(U't. A large part of the Sahara consists of a white or yellowish 
sand, often mixeal with gypsum, forming dunes 50-400 feet high, 
thci rocky floor being sometimes exposed. The dunes appear to 
l)('- more permanent than those in more northern latitudes. During 
stofins much sand is carried from one dune to another, or a chance 
obstacle, such as a dead camel, may form a nucleus, but the general 
arrangement of th('. dunes remains constant. The dunes along 
the c'aravan routes are sufficiently permanent to possess narpes. 
As a rule, tlus distance from crest to crest of the dunes ie-0-5-1 mile. 
Individual dunes sloi)c gently on the Avindward side, and have a 
very steej) slo|)e to the leeward, on account of the scooping action 
of the air curretits behind their crests. The surface of dunes is 
oftem diversified by secondaiy ripples. 

( )bs('rvati()ns in hgypt have proved that the desei't sand is 
lu'avily charged with positive electricity. Fifty per cent more 
o/.oiK' was found in the air oviu’ the desert than in the oases. 

Theii^ is little rain in desert countries, but a cei'tain anu)unt 
of walx'r in the rock is held by caiiillary action. The lu)t rays of 
the sun draw this to the surface, bringing with it soluble salts 
of sodium, magnesium, etc. Cliemical reactions occur betw'cen 
these hot solutions and the constituents of the rotsks, so that 
the lattcu- are decomiiosed from within. This process leads to the 
come.ntation and solidification of some loose sediments and the 
colouring of many desert sands, which are usually red. It also 
results in the saturation of many desert sands with soluble salts 
which sometimes form an efflorescence on the surface. 

The formation of desert sands may not be entirely due to dry 
denudation, but it is certain that the wind has played a large part 
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in the formation and classification of the present surface (l(!])ositH 
in the larger deserts. 

The fine sand of deserts is often blown high and carricHl for 
great distances by aerial currents ; finally it descends in the form 
of “ red fog)” “ sea dust,” or “ sirocco dust.” According to (fiiikic', 
it is occasionally so abundant as to obscure the sun and to (‘.over 
the decks, sails, and rigging of vessels which may bo a thousand 
miles from land. Much dust has been carried from the (Sahara 
and deposited in the Mediterranean district and the Canary Islands, 
and it is said that some of the sand in these deposits may have 
come from South America. 

Volcanic dust is also carried in this manner, showers fi'om 
Iceland having been deposited in Scandinavia, and some Krakatoa 
dust has even been carried to Europe. Large quantities of diatoms 
have been carried thousands of miles by wind. 

The amount of separation or grading efiected by wind acfiion 
depends on (a) the size of the particles, (/;) their shape, (c) density, 
and (d) the speed of the wind. 

When all the particles are of the same material and are similar 
in shape, the amount of separation effected in transit will dcix'ud 
largely on the speed of the wind, but where grains of din’ercsit 
materials occur, as is the case vdth quartzite sands containing 
heavy detrital minerals, the density of the latter largely determiners 
the nature of the separation effected. In such a case, comparatively 
large particles of quartz may be blown away, whilst much smallei’ 
particles of zircon, rutile, etc., may, on account of thcii- grc'aier 
density, remain behind. 

In the ca.se of shell sands, the shape very largely determ iiu's 
the extent of the separation which occurs. The grains arcr lai-gel.v 
tubular, lenticular, or disciform, and a blast of wind may st.rik’e 
such grains under their flat surface and carry them to great distarns's, 
while the same blast would not move more rounded gi'ains of tlm 
same bulk which rested be.side them. Carus Wilson has nokec'd 
that associated tubular calcareous grains have been sc^parated 
from the rounded grains of “ Idllas ” by the action of tlu^ wind. 

The great accumulations of blown sand occurring along the 
coasts are of essentially the same character as the sand duiK's of 
the deserts, except that they consist of particles ju'oduced by imirinc 
and fluviatile denudation rather than those produced b'v a dry 
wind erosion, such as is the case with desert sands. 

The particular method by wdiich nature works in tlu^ forming 
of sand hills on the seashore may here bo briefly d(^s(^i'ibed. 
(1) Frosts tend to split rocks, and (2) the chemical actioir of tlu' 
rain dissolves the binding elements in the rocks and libcn-ates 
quartz or other insoluble grains. (3) Rain and rivers c.arry 
these grains to the sea. (4) Tidal currents deposit them on some 
adjoining coast, usually about the time of high water when the 
tidal action is at rest. (5) Wave action breaks up the ,surfa,c(i 
of the shore by the fall of each wave, the result being a translation 
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from low- towards high-water mark of a larger number of grains 
than the backwash of the wave carries back. (6) The drying 
of the shore by sun and wind agencies. (7) The lifting of the dried 
sand and its transportation by high winds until it is brought to 
rest by obstructions in the form of wreckage, cliffs, sand hills, etc. 
Such obstructions may start not only a sand hill but a new range 
of hills some distance away from the previous seaward line of 
hills. Examples of this action are common along the Lancashire 
coast from Freshfield to Southport. 

In order that sand dunes may be formed in large amounts, 
the following seven conditions are required, according to W. Ashton ; 
if any are absent, sand hills will not be formed or will be insignificant 
in extent : 

1. Contiguity to a coast on the windward side, which is in 
process of marine denudation. 

2. Contiguity to mouths of rivers draining Millstone Grit or 
similar formations. 

3. A low flat shore. 

4. A coast of such a formation as not to be easily disintegrated, 
sac.h as true sand, and not of clay or chalk. 

5. The growth of star grass or other vegetation. Vegetation 
promotes hill-gi'owth by the binding together of the sand, and even 
more*, by tlu^ grains being caught by the long blades of grass, etc. 
Thes(^ grains fall in the lee of the plants, which push their way 
u]) wards so long as they can obtain a supply of moisture for their 
roots. Windy months which happen to coincide with the grass- 
growing ])eriod of the year are the most favourable to rapid iiill- 
gi’owth. 

Otln^r sand binders are Ah/u; re'pens, var. Argentea, or Silver 
Willow, found Ix'tween Birkdale and Formby; Triticum repens, 
()!• cr(uq)ing wluuit grass, a smaller gra.ss of blue-green colour 
which grows above high-water mark at the foot of hills ; and the 
sand sedge, (hirex arenaria] sea holly, sea spurge, saltwort, and 
seal rocluhi. 

In Coi-nwall, wild thynu^ has been found a .satisfactory .substitute 
for star grass. Sir Hyde Fagc^, a noted engineer of his day, found 
th(' phinting of gors(^ laishes an effective clua^k to bloAving sand. 

On tlu^ coasts of Norfolk, the Moray Fii'th, Norway, and Jutland, 
maritime pines havci proved very effective in sto]iping sand drift. 
Oil tlu^ margin of Southampton Water, “ Spartina ” grass has 
])rov(al very su(!(!(as.sful. 

(). A coast in general line with the ])revailing winds. This 
condition is of great importance. The uio.st favourable direction 
for tlu^ prevailing winds to strike a coast is at an angle of 10 or 15 
(legrcies ; they then have the maximum power of transmitting 
sand from tlu'^ foreshore. Whenever extemsive ranges of sand hills 
are found, this condition is invariably present. 

7. Sea-wave action which brings in sand from the sea. 

The sand carried by the wind impinges on the blades of star 
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grass, drops in their lee, and they continually push their way up 
through the accumulated drift. At a height of about 60 feet the 
sand can. no longer draw up sufficient moisture by capillary action 
to servo the plants, and when these die there is nothing to retain 
the sand, so that there are few sand dunes more than GO feet in 
height. On the coast of Norfolk, sand hills 50-00 feet high occsir ; 
on the coast of Holland, some of the dunes arc as much as 200 fcHd: 
high. 

The breadth of the sand beds on the e, oasts varies from 3 to 5 
miles. The form of sand dunes depends entirely on the intensity and 
direction of the winds which produce them. In some cases the 
sand is heaped up into mounds in rows ; in other cases the dunes 
form long, narrow ridges. When the speed of the win.d is gr('at 
the}'’ form at right angles to the direction of thci wind, but wluu'o 
the intensity is less they may form parallel to its direction. In 
Central Asia the sand frequently takes a crescent-shaped form, 
the convex side facing the wind. Where the wind is iri-egulai- 
the sand is merely piled in irregular masses. 

Sand hills are chiefly found on the portions of the coast which 
are exposed to the prevailing winds, the most important of those 
in Britain, therefore, being on the west and south-westerly coasts, 
as in Devonshire, Wales, Cumberland, .Lancashire. The hist 
named forms a good example of wind-blown sands. The material 
composing those beds has been derived from throe sources : 

1. Sea-eroded material from the Cheshire and adjacent coasts. 

2. Fluviatile material. 

3. Tidal material due to the shallowness of the sea on this const. 

The chief source is undoubtedly the second, viz. river-borm^ 

material from the higher parts of the Pennine Range where the 
rivers Ribhle, Irwell, and Mersey rise. Rejicated mhiro-oxamina- 
tions of the sands by J. Lomas prove conclusively that they ar('. 
derived from the Millstone Grit formation. As the Pemiiiu^ VocLs 
are denuded, the clay is deposited on the Cirossens shore as “ slid’.cli,” 
and the greater ])art of the sand is deposited in sand banks at tlu'. 
mouths of the Dec, Mersey, and .Ribble. iSca currents, the tides, 
sun, and wind do the rest in piling tlio sairrl into dunes along tlu^ 
north-western shores of the Mersey" and the llibble. 

The mean direction of the prevailing winds just south of west 
is well indicated by tlie inclination of the trees iir unslicltcrcid 
positions along this coast. Twenty years’ records show that 
nearly all the winds of sand-lifting forc,e come from the south-west 
and west. The hill ranges accordingl_y show a stec]-) side on th(^ 
west-south-west or prevailing wind '’side, whilst on the loewai’d 
or landward side a long slope is usually developed. 

Among other extensive sand-hill ranges in Britain are thos(^ 
found on the north coast of Cornwall and between Naij-n and the 
river Findhorn in Scotland. The largest sand-hill ranges elsewhere 
are found on the Ayrshire, Aberdeenshire, Lincolnshire (very low), 
Norfolk, Suffolk, and Glamorganshire (very high) coasts. 
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In Homo ]3laces, as in Cornwall, much of the blown sand is 
composed of comminuted sea-shells. In Bermuda and other coral 
islands, lino coral sand with comminuted shells has been formed 
into duru^s Ijy the wind and cemented by rain water, forming 
compact rocks. 

Deposits of blown sands are by no means always stationary, 
and, whore changes in the direction of the wind are frequent, 
largo tracts of land may be overwhelmed with sand and then 
c,l(»iT’od again, as at Santon Downham, east of Brandon, where 
sand storms or sand floods have at various times swept the country. 
At 8t. Firian a church which had been smothered for seven centuries 
was uncovered in 1835 by the natural removal of the sand by the 
wind. The dunes in the Bay of Biscay, where they are not held 
by vegetation, travel inland at about lOi- feet jDor year, and in 
Dcmmark at 3-24 feed per j^ear. 

The speed with which entire hills will sometimes be shifted 
was exemplified during a westerly gale in 1911, when, according 
to D. Pennington, a high hill between Freshfield and Ainsdale, 
near Massom’s Slack (Lancashire), was bodily moved between 
100 and 150 yards. Near the same s])ot and in the same year 
a curious find was made in the hollow of the outer line of slacks 
about a mile to tlu^ north of Freshfield Perch. Gales having drifted 
away tlu^ sea face* of a long sand hill, on the landward side of the 
hollow tlu^ rcunaiiis of seven wrecks of wooden vessels, a])])arently 
From 200 to 250 tons, were ex])osed to view ; two days later all 
but oiK^ w(U'(i buried in the sand. 

VVluui fixed by veg(dation, sand hills have, on many coasts, 
a high value as natural protectors of low-lying lands fi'om inundation 
by th(i s(u». 

4’lu^ (h'.posits of fine (hdritus occuri'ing in difh'rcnt parts of the 
world, and dcisignaO'd under the g(meral term “ loess,” an^ thought 
bv some to 1)(^ of a(V)lian origin and by others to b(‘ ])r()duccd by 
iupu'ous action (p. 31). Accoi-diiig to lviciithof(‘n, tlu' ('hincsc' 
deposits are largely (iomposed of a liiu^ dust, probably d(‘rivcd from 
a Iluvio-glacial period and sul)se([U(uitly desiccated during a time 
of drv (iimat(\ tlu^ dry dust being aftei'wards transpoi'U'd by tlu' 
wind to tlni riv(M‘ basins and plains of ('hina. 

'riu' Kc'Uja'r sandstone round Birkc'ulu'ad and Stomdon con.sists 
of desert sand whitii has been (!onsoiidat('d and made into a solid 
roek. On wcaitlu'ring, this rociv disintegrates and forms a loose 
sand similar to other deposits of wind-blown sand. 

Aeolian dc^posits sonudimes extend over wide ai'cas, but ai'c 
often of an irrc^gulai' and discontinuous nature. 'I'heir thickness 
is usually vairy variable, and they often exhibit cross- or current- 
bedding. Ripple-marks sometimes occur and are useful in ascertain- 
ing the mode of origin of the sand. 

Rand hills sometimes grow rapidly ; H. T. CIrofton has observed 
that under favourable conditions those at Rt. Annes grow at the 
rate of over 2 feet per annum, the greatest increase occurring in 
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the more windy months of March, April, and May. T. Mellard 
Reade calculated that about 105,000 cubic yards of sand are moved 
every year by the wind on 16 miles of the South Lancashire coast. 
About 2600 years, at this rate, would account for the entire deposit. 
J. Lomas, in a paper before the British Association in 1903, expresses 
the opinion that 400 years ago there were no sand hills on the 
Lancashire coast. They began to form at Eormby at the end 
of the seventeenth century, sanding up the deep channel near the 
ancient port of Forniby and thus increasing the sand-drying area, 
which afterwards extended rapidly northwards. As the high- 
water mark was rapidly driven back, successive ranges of sand 
were formed on the seaward side, until now some of the sand hills 
between Formby and Ainslie are nearly 80 feet high. This process 
still continues. The lateral growth of these ranges is surprisingly 
rapid ; near the Palace Hotel, Southport, ranges 20-27 feet high, 
with a maximum width of 190 yards, have been formed since 1885. 
Although these hills are of recent origin, the sand of which they 
are composed is much older, much of it being at least 2000 years old. 

The sand hills at St. Annes apjpear to have been formed in a 
similar manner ; the main channel of the Ribble has gradually 
moved northward, piling the sand brought down by the water 
on the north shore between Fairhaven and South Shore through 
the action of the prevailing winds. The range of modern sand 
dunes from Blundell Sands to Churchtown appears to have a 
different origin and to be due to a change in the course of the Mersey 
about a thousand years ago. 

Aeolian or wind-blown sands often consist of small angular 
grains, but those derived from the seashore in the manner just 
described are usually rounded. (See also Chapter HI., under Blown 
Bands and Shore Sands.) 

Fluviatile Sanies 

Fluviatilo deposits are those which have been formed by tlie 
action of running water. Those deposits accumulate as a result 
of a decrease in the speed of the current, as at a sudden bend in 
the path of the streani or where the river joins the sea, the contact 
with salt water causing the deposition of some of the grains ; the 
ordinary sand deposits in the beds of most streams and rivers 
belong to this class. In some cases the rate of deposition may 
be_ so great as to turn a streani out of its course or even to divide 
it into two parts flowing round the deposited detritus. 

Iluviatile deposits may be formed on river banks and flood 
plains when the waters of a river are in flood and the speed is so 
great as to cause the detritus carried along by the current to be 
lifted over the banks of the river and deposited over the low-lying 
area on either side. Such plains of alluvium occur in many tropical 
countries where, during the rainy season, the rivers are accustomed 
to overflow their banks. 
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Sometimes terraces are formed on either side of a stream. 
As the bed of the stream is gradually lowered by erosion, the flood 
level will decrease, so that as time passes the alhivinm will be con- 
fined more and more to an area nearer to the bed of the river, 
forming a series of terraces of decreasing height as the bed of the 
river is approached. 

In this country it is common to find three such terraces, but 
sometimes as many as six, seven, or even more may occur. 

In North America this mode of sedimentation of alluvium has 
taken place on a very large scale ; the Mississippi alluvium from 
the mouth, of the Ohio to the Gulf of Mexico, occupying an area 
of 19,450 miles, is 25-40 feet thick. 

Fluviatile deposits may also be accumulated at the foot of 
mountain streams, waterfalls, etc., the decreased speed of the water 
causing the deiiosition of some of the material held in suspension 
or carried along by the force of the current. Such accumulations 
frequently take the form of cone-shaped deposits which are some- 
times of gT-eat extent, some being many miles in diameter and 
hundreds of feet thick. Such alluvial fans occur in India and on 
the flanks of some of the ranges in North America. 

Owing to tlie manner in which they are produced, fluviatile 
sands are usually very variable in composition and consist of 
irregular mixtuixis of particles of all sizes. Such deposits are found 
in nuuiy ( V(d-aceous and Tertiary deposits around the Dartmoor 
and (loruish granites. The disintegrated materials, consisting of 
(|uartz, felspar, tourmaline, etc., which wore carried by the numerous 
streams from the hills, became suddenly arrested in lakes and slow- 
moving rivers, with the result that much material was thrown 
down with no ix'spect to the sizes of the particles, the deposits 
l)(ung v(u‘y often fan-shapcal in form. On the other hand, many 
riv(M’s ('X('rt a marked sorting action, and thus ]:)roduce various 
uu'talliferous (hiposits as well as beds of sand and clay. This is 
diKi to tlui fact that most of the metal-bearing mimwals are so 
heavy that tlu'-y are not readily mov('d by water currents, and 
cons('(piently bmd to become concentrated, whilst other “ lighten’ ” 
miiuM'als are washed away, the rc.sidue forming “ mineral ])laeers.” 
Manv vafuable. minei’als are obtaineal Irom deposits of this kind, 
including gold, zircion, ])latinum, tin, tungstem, as well as various 
gems, h’hus, in Oeylon there are bcaclu’s with alternating layers 
of pink gamed anel bliick ilmenite, whilst monazite occurs in the 
river heals anel beach sands of Brazil, Travancore, and Ceylon. 

Fluviatile', ele])e)sits arc not usually so oxtc'nsive as estuarine 
e)nc's, and they may vary consklerabl}^ in thickness in different 
]){ii'ts e)f the beaks on account of variations in the speed of the rivei’ 
anel e)theu’ c.auseis. They also often exhibit stratification and 
freepiently cross- oi’ curremt-bedding. Conglomerates are generally 
of fluviatile origin, but they may also be formed on the shores 
of lakes and seas. 

Fluviatile sands are usually “ sharp ” and consist of irregular 
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fragments of mnnerous sizes. Whilst fi[uartz is usually the pre- 
dominant mineral, otliers may be present in various ;pi'()])oi'tions 
according to the conditions under which the rivers or streams 
obtained the minerals from which th.e sands are derived, and 
according to tlio treatment such minerals have undergono during 
transportation. (Sec also Chapter III., under Fliiviatile jSands.) 

Estuarine Sands 

Estuarine deposits are formed at the mouths of rivers in the 
form of a delta ; they consist of successive layers of inatoj'ial 
carried down by the river and deposited. A delta only forms 
where the coiKlitions for its formation aro favourahlc ; where, 
the sea at its junction with the mouth of a river is very rloo]), the 
suspended matter may sink to the hottom and not apjjear ; where 
there are strong currents, the detritus may ho entirely removed 
before it can form a delta. 

Deltas may be of great extent, that of the Mississippi covering 
an area of over 12,000 square miles, whilst that of the. Ganges 
and Drahraaputra occupies between 50,000 and 00,000 square 
miles, and is over 480 feet thick. 

Estuarine deposits may also be accumulated by bars and lagoon 
barriers, the water being arrested in its flow, and consequently 
depositing much of the solid matter held in suspension. As the 
sediment deposited near the mouth of a river accumulates, it acts 
even more enectivoly than the sea in arresting the inaterial carried 
down by the river. “ Bars ” of this kind sometimes attain great 
sizes, and may bo moved farther out to sea by floods or pushed 
up-stream by storms. Such bars occur in sevnn-al places in this 
country, including Start Bay in Devon and between Mumble 
Rocks and Swansea. Every river has its estuarine deposit, but in 
many cases the sea removes so much of it that tlic residue is 
insignificant. The mateiial so removed may form a flimo-m,arma 
deiJosit in some other location. 

The principal estuarine accumulations include rocks, stones, 
gravels, sands, silt, and mud, and possibly loess. These deposits 
usually contain a greater or less proportion of clay, the amount 
depending on the velocity of the water. If the current is ra])id, 
the estuarine deposits may be comparatively coarse, most of the 
fine material being then carried farther out into tho sea and 
forming marine deposits. With a very sluggish river, however, 
much clayey material may settle along with the gravel, sand, 
and silt. 

The extent of estuarine dejiosits varies according to the size 
of the estuary, but they are sometimes very large, and are remarkably 
uniform in tliicknoss over the greater part of tlieir area. A peculiar 
feature of estuarine beds is the rapid alternation of layers of 
different materials, due to changes in the speed of the rivers at 
different seasons of the year. In times of flood, coai’se material 
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may be carried much, farther and deposited upon a bed of com- 
paratively fine material. 

In this country there are several extensive estuarine deposits 
in Lincolnshire and Northamptonshire. Some of them contain 
so large a proportion of clay as to be useless so far as sands are 
concerned ; t.he beds at Great Weldon, Northamptonshire, and 
also at Kettering and Wellingborough, are of this character. 

The loess or lehm which occurs over a large area extending 
eastwards from the north of France across Europe and Asia into 
(ihina may bo of estuarine origin, though it is thought by some 
to bo an aeolian deposit (p. 27). The adobe of America is of 
estuarine origin, as are also the black earth of Russia and the regur 
of India. 

Fstuarine sands usually consist of moderately angular particles 
of various sizes. They closely resemble the fluviatile sands in 
many respects, and, apart from their situation, it is almost impossible 
to distinguish them from the latter. (See also Chapter III., on 
Estuarine Hands.) 

Lacustrine Sands 

.Laeustr'ine deposits are of the same nature as estuarine deposits, 
(ixcript that they are characterised by greater uniformity on account 
of the smaller amount of agitation to which such deposits are 
Hul)j('c.t(al. Lak(!s are, in fact, great .settling tanks in which the 
riv{U‘H (liscluirging into them deposit their burden of clay, sand, 
and ot.lu'f miiu'rals. As the smaller ])artieles are carried the 
fa.rthcst, lacustrine (lei)osits are usually dec])e.st and coarsest at 
blu'. iuk't of the lake, the fine.st particles being de]iosited farthest 
away. WIkm'C'. a river lains through a lake and ])ass('s out at the 
otlu'r end, th(' ix'sult of contact with the watei’s of the lake is veiy 
obvious. fPlius, the rivtu’ Rhom.' enters Lak(' Geneva charged 
with (hhriial matter and aj)j)ears quite turbid, but on leaving 
1,h(' lak(' it is ti’anshuxmt and blue, the material in susjamsion 
having bcMUi deposit(Ml in the lake, chi(‘fly_ mail’ the end whiin- it 
entered. Thus, hikes may act as lilters and intercejh th(^ sediment 
ea-rric'd into tlumi by rivei’S. Jjai'ge deltas ai'c soiiK'tinu's fornuMl 
by mat(U-ial (Upjosited in this way, many exampli's of this ai'tioii 
Ix'ing found in Switzerland and othci- localitic's. As the deposition 
of tlu' mati'i'ial continues, the lake gradually bcconu's full and 
may, eventually, form “ dry land ” with a .stream running through 
a ])ortion of it. If the strc'am be diverted as the result of some 
(airth movenuuit, a dry lacu.strine dcpo.sit is formed. 

As the (hiposition of material in a lake is a function of the speed 
of th(5 wat(U' and the size of the particles, the sejiaration of the 
gi'avel, sand, and clay is often very complete, the strata of each 
Ixung chuirly dcfincKl so long as the flow of the rivei- feeding the 
lake is fairly constant. In times of storm, on the contrary, when 
the speed of the water is greater, the coarser particles are carried 
farther, and in this way a considerable amount of gravel may 
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0 deposited simultaneously with, the sand forming a diluvial 
.eposit. 

The New Red Sandstone of Cheshire (known as Bunter Sand- 
stone on account of its variegated colour) consists of a consolidated 
bed of lacustrine sand laid down in fresh-water lakes. These 
deposits are at least 200 feet thick, and show clearly the importance 
of lakes in the formation of sand. 

Lacustrine sands are usually composed of grains of fairly 
uniform size ; they are moderately angular, but are sometimes 
well rounded. (See also Chapter III., under Lacustrine Sands.) 

Marine Sands 

Marine deposits consist largely of material produced by coastal 
erosion mixed with that brought down by rivers and glaciers and 
with shells and other materials of a calcareous nature, derived 
directly from the sea, and, in some cases, with volcanic ash and 
dust. Three types of marine deposits may be readily distinguished : 
(1) those under the sea, or pelagic beds ; (2) those under the fore- 
shore, or littoral beds; and (3) those now at or above sea-level, but 
originally below it, and generally referred to when the term marine 
is applied to sands. 

Pelagic deposits usually consist of very fine material compri.sing 
calcareous mud, volcanic dust, sand, and clay, with occasionally a 
small proportion of coarser material. Such deposits are of various 
grades from sands to “ oozes,” the latter term including the 
Radiolarian and Globigerina oozes. Pelagic deposits are usually 
subdivided into tho.se formed at a depth exceeding 100 fathoms 
(abyssal deposits) and those formed in shallower water. The 
latter are, with local exceptions, of a heterogeneous character, 
whilst those formed at greater depths are of a very fine and. muddy 
character, though often containing a small quantity of material 
of a coarser nature. 

The deposits known as sea sand usually extend out to sea and 
cover almost the entire floor to a depth of about JOO fathoms, 
except near the mouths of rivers and estuaries, where silt and mud 
are also deposited near the shore. 

The abyssal deposits or oozes scarcely come within the scope 
of a volume on “ sands,” but they may be briefly described ; they 
consist of a fine material discharged by rivers, etc., into the sea, 
the coarser particles having been dei)o, sited nearer the shore, 
together with materials produced by the disintegrating action of 
the waves on the coast, volcanic dust, meteoric fragments, and 
the siliceous and calcareous skeletons of dead marine organisms, 
including diatomaceae, sponge spicules, foraminiferae, j)tcropods, 
etc., the first three having siliceous and the last two calcareous 
skeletons. Owing to their solubility in sea- water under pres- 
sure, calcareous organisms do not occur at depths below 3000 
fathoms. Siliceous skeletons are, however, less soluble, and 
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occur at the greatest depths of the ocean yet examined (over 
.5000 fathoms). 

At the greatest depths, a red clay predominates, owing to this 
remaining in suspension after all the other materials have settled, 
but many deep-sea deposits contain a large proportion of sand ; 
they frequently contain no argillaceous matter, and consist wholly 
of non -plastic particles. On account of their consistency when 
drawn to the surface, deep-sea deposits are frequently termed 
muds, though some of them are not plastic like most muds found 
on the surface of the ground. 

VolGanic muds occur widely in the Western Paeific, and consist 
of hne fragments of lava, organic calcareous matter, and some 
clay. Near the coasts they may be classed as sands, but at greater 
distances from land they pass gradually into the other forms of 
mud and finally into abyssal ooze. 

Sands composed chiefly of foraminiferae, radiolaria, diatoms, 
sponge spicules, and other organic remains occur to a varied extent 
in various dcei>sca deposits. Quartz is generally absent from them. 

Pelagic and abyssal sands arc not accessible except in very 
small quantities. The particles of which they are composed are 
usually extrcuuc'ly minute and (with the exception of the radiolaria 
and sonu' otluu' skeUdal remains) they are usually well rounded. 

Littoral deposits consist chiefly of sand and pebbles, such as 
tlu! W('ll- known sea sand and shingle on the coasts. Recently 
(k'posib'd silt is found somewhat farther from the shore, but large 
littoi'id (k'posits of silt are found in the “ warp ” of the Humber, 
in the fcMis of Lincolnshire, Cambiidge, and Huntingdon, in the 
Hats and estuary of the Severn, in Morccambe Bay, in the reaches 
of tli(^ Solway, and cls(iwhcro. They usually consist of grains of 
uKulium size,'th(^ smallci- ones being* largely separated by the flow 
of tli(5 tid('S, hut littoral sands vmry givatly in conqjosition and 
physica.1 propcudic's. In some cases, the littoral deposits contain so 
much, silt a,ud clay as not to he rightly incRulcd in tlu^ term " sands.” 

FjU> rated 'marine sands arc usually of a v(u'y fine silty nature, 
and may' contaiu a larg(' pro|)ortion of clay. 

Maa'inc d(q)osits aia^ usually wid(‘ and (‘.xtcnsiv('. Tluui' thick- 
iK'ss va.ri(^s according to the time dui'ing which tlu^ deposition took 
phuau hut in most (aises, tlu' (l(q)osits arc rcmiarkahly uniform in 
thicikiicss ov(M' lai'go arcais and arc^ usually stratified. Marine sands 
xisually consist of an irregular mixtui'c of gi'ains of many different 
sizt^s and of very va.ria.hlc c.om[)osition, many different minerals 
h(Mug found. ^ldu'S(! sands an', usually coarse, though some consist 
ku'g('lv of very minute particles. (Sec also Clhaptcr III., under 
Fea Funds and Fhore Fwmls.) 

Glacial Sands 

Glacial de])osits are closely related to those made by rivers, 
and arc foianed in a similar manner, but the materials composing 
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them are often much coarser, as the solid ice which forms the glacier 
is able to carry imich larger fragments and even boulders. A 
characteristic feature of these deposits is the peculiar sciratchcd 
surface of the boulders, which appear to have been dragged forcibly 
along in a direction parallel to the hill ranges and valleys in which 
they occur, or down which they have travelled. In some districts, 
e.g. the eastern counties of England, the Glacial Drift forma loose 
gravelly material consisting of fragments of all the older rocks 
from granite to chalk. In other localities, both in England and 
Scotland, large areas arc covered by loose rubbly shingle and sand, 
forming mound-like ridges or flat-topped irregular mounds, as if 
the original gravelly dejjosits had been subsequently furrowed 
and worn away by currents of water. Deposits of glacial origin 
are often of large extent and are usually uniform, in thickness and 
largely free from stratification. 

The materials comx)osing the great part of such deposits arc 
gravel, quartz sand, limestone powder and clay, the two lir-st- 
named being of more importance to the readers of this volume. 
The degree of admixture of these various materials depends chiefly 
on the composition of the rock or rocks from which the doptjsits 
were formed. Other glacial deposits consist of irregulai' aggrega- 
tions of tough clay and sand with pebbles irregularly distributed 
through the beds. In some of these deposits, the clay is the ])rc5- 
dominant material, the sand occurring in lenticular “ pockets ” 
or irregular strata ; in other places, the sand and gravel jirodominatci 
and. the clay occurs in isolated masses. 

The sands in glacial deposits partake of the mineral characitc'r 
of their respective districts ; thus, the glacial sand-beds dcs-ivcsl 
from the Coalfields are usually dark-coloured and contain fragmerd.s 
of coal, shale, and other Carboniferous ro(iks ; sands derived fi’om 
the Old and New Red Sandstone ai'o usually red ; those from ih(> 
Oolitic and Chalk ti'aots are yellowish or grey. 

Glacial sands usually consist of woll-rmindcd grains of various 
sizes, together with a very variable proi)()rti()n of poi)l)k^s and 
gravel. The latter may be romovexl by scrconiug, and any clay 
present may be separa-ted by washing the sand. As glacial' sand's 
are very heterogeneous in character they are of limited usefuhuiss. 

FlUVIO -GLACIAL ^ANnS 

Flu vio -glacial deposits are those formed partly by glacial action 
and partly by the action of water derived from the melting ivc. 
They are very similar in character to the continental river cU^posits 
found in mountainous districts and arc slightly more regular than 
other glacial deposits, as they have been subjected to the soi'ting 
action of the water. The fluvio-glacial deposits in the. valley of 
the Thames contain many different classes of mateiial, inclu'ding 
pebbles from the Bunter beds, sandstone, cpiartzito, tourmaline- 
breccia, quartz-schist, and rhyolite. The sand and gravel deposits 
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formed by fluvio -glacial action are sometimes so similar to flnviatile 
deposits that it is always difficult, and occasionally impossible, to 
distinguish them. 

Sands dormbd by otheb Means 

In addition to the sand deposits formed, as already mentioned, 
by the destruction of rocks and the subsequent re-co]lection and 
concentration of the particles by various natural processes, there 
are several other modes of formation which cannot be classified 
under those heads. The chief are ; 

(a) Sands formed by the accumulation of the remains of marine 

animals and plants. 

(b) Sands produced by the precipitation of silica from solution, 

as the sandy incrustations around hot springs, etc. 

(c) Sands produced by volcanic action, including tuffs, etc. 

Sands produced by organic action may be of fresh-water or marine 
origui ; they consist of the skeletons or shelis of minute aquatic 
animals anfl plants and of materials exuded by these creatures. 
The more im])ortant of such (le])osits are : 

(1) doral sands. 

(2) Hhell sands. 

(3) h'oraminiferal sands. 

(4) Diatomaeeous sands and earths. 

(5) (dohig('rmal or radiolarian sands and muds. 

Coral sands are pi’oducod usually by tJie disintegration of coral 
ro(!ks hy th(' aeiioji of waves, etc., the debits eollectting into beds 
composed of particles of various sizes {]). 32). The eoi'al rocks 
ar(', as is wi'll Ivtiown, tln^ consolidated remains of calcareous coral 
orga,nisms (( bralliaria.) which have accumulated by the deposition 
of ilu' rmnaius of millions of such inseetts in warm salt water. 
Afi('r (iontinued gro^^lh. coral rock acquires a structure like crystal- 
liiu' linH'stoiuu iVluch of tlu* rock is disint(>gratcd by the action of 
the wavi's uiion it forming cah^areous sand and mud whicti is carried 
aAva.v end I'c-dcqiositc'd ; this r(unains sonudimes as a loose sand, 
sometinu's it is (;onsolidat('d to foini a s(a-ondarv coral rock. 

Shell sands ari^ dc'iiosits of th(i calcareous shells of dead marine 
orfauisms. TIunsi^ are ac.cumulatc'd by inarim' currents, etc., and 
disintegi'ati'd to a. greater or loss degree, producing sands of varying 
lineiK'ss. iSome shell sands consist of a heterogeneous mixture of 
(u-ains of ipiartz and minute shells; others consist wholly of frag- 
numts of slndls. In some casi^s, shell sands are raised above the 
sea-level and are cairried away by the wind, forming dunes. 

Foraminiferal, diatomaeeous, globigerina, radiolaria and other 
similar sands are produced chiefly in the depths of the ocean by the 
accumulation of tlui minute skeletons and shells of calcareous and 
siliceous organisms. (See Marine Sands, p. 32 ; also Chapter III.). 



36 


VOLCANIC SANDS 


Sands are sometimes produced by the accumulation of nodules 
formed by the segregation of calcareous matter fi'oin sea-water 
around some minute organisms, as in the case of “ oolitic sands ” 
(Chapter III.). Some plants, such as Cliara, have the power of de- 
composing carbonates dissolved in water and precipitating (ialcium 
carbonate within their cell-walls. Others, including some mosses, 
form an incrustation on their exterior. Such deposits load to the 
formation of various sinters similar to those caused by eva])ora- 
tion ; later, these large accumulations of calcareous matter may he 
comminuted and again consolidated by the solvent action of water 
containing carbon dioxide in solution. 

The “sands’* produced by the precipitation or separation of 
substances from solution in .springs, etc., may be mentioned, though 
they are not strictly sands. The principal deposits of this kind 
are (a) chloride deposits; (6) sulphate deposits; (c) borate deposits; 
(d) nitrate deposits ; (e) carbonate deposits ; and (/) siliceous deposits 
such as geyserite. 

Volcanic sands are largely produced by the action of volcanoes 
which disrupt the rocks in their interior and throw out larger 
quantities of small particles of volcanic dust which are cariied by 
the wind and eventually fall on to the surface of the earth or into 
the sea. The size and density of the particles detei'inines t}i(< 
distance to which they may be carried by the wind, Tlui eoarscu’ 
particles usually fall in the immediate vicinity of the volcanoes, 
whilst the finest grains may be carried for hundreds of milc'.s before^ 
they are deposited. Volcanic sands frequently contain a lai’gc 
proportion of crystalline matter, especially toAvards th(^ close' of a. 
series of outbursts. Thus, showers of leucite and {)yrox(me lmv(^ 
been ejected from Vesuvius, and pyroxenes coated with scoria iu'(^ 
found on the flanks of Etna and Htromboli, whilst .sanidiiu^ o(umii\s 
in the ashes of Ischia, and much of the asli from Krakatoa consisl.s 
of plagioclase, enstatite, augite, and magnetite. 

Tuffs are classified by Pudson in thrcii grou])s : (a) luffs 

containing a large proportion of glass dust ; {h) cri/stal luffs (iontiiioing 
individual crystals; and (c) liiliric luffs containing fragnumts (if 
rock, but no obviously glassy or crystalline particles. 


CHAPTER II 

THE OCCURRENCE AND DISTRIBUTION OF SANDS 


Sands occur in almost all ])arts of the world, though they are 
distributed in a very irregular manner. They may, for convenience, 
bo divided into two groups: (1) those being formed now or within 
recent times, and (2) those formed in previous ages and now 
forming part of tlu^ sfidimentary strata of the country. The 
fortmir ar(‘ tlu^ to])most beds of the Post-Pliocene system and 
Irie.ludci supc'rlieiai (h^posits fornual by the recent disintegration of 
ro(‘ks and, in soiiU' cas(\s, tilt; transportation of the disintegrated 
iiiiib'rial by wind, wab'r, or ice to some other location. In short, 
tlu'V repr'('S(mt a (continuation of the processes by which the older 
sands hav(( Ixam fornuHl. 

Tlu'. s(M'ond gi'niij) inelinh's sands which ha\n been formed in the 
various ways (i('sci'ib(al in ju'evious pages, but have been subse- 
((lumi/ly cov('r('d l)y ol.luM’ matcn'ials and may also to some ('xtent 
hav(( Ix'cn consolidakxl by pnissui'c, or as a resnlt of the inliltration 
of wat('r containing (‘(mumting stdjstances in solution. Whc're 
((onsoiidation has o{U'urr('d to any gr('at ('.\t(‘nt, sand-rocks or 
saaidsioncs ai'(' fornu'd : sonu' of these-, as ganiste-r rocks and 
(pia.rt/at(\s, wln-n (-rnsla-d, are- of valm- as sonrc(-s of sand, Jjoose 
sands a, re- chie-ily conlim-d to tin- more |■(‘ccni formations, as when 
tlu-y ai'c d('('ply covc-i’cd by roeeks tlu- pre-ssure- is usually suf1ici(-iit 
to <H)nsolidate tlK-m, (-specially wh(-u otlu-r metamorphic influencc-s 
a, re also ai- work. 

In conside-ring tlu- distrihution. ol sands it is convenient to 
a.rrang(( tlu-m in accordance- with tlu-ir ge-ological s(-(pK-nce rather 
tjuin tludr geogra-|)hical position, as the^ latkn- is to some extent 
accide-ntal. Primary sands — so far as any such sands are known — 
ar(^ tak(-n first and tJu' others, as far as possible, in the order of their 
depcjsition. Owing to e-arth-moveme-nts of various kinds, some 
local dejiosits of sand do not lie precisely’ in the position in which 
they might be ex])ecte(l to occur, but these small irregularities do 
not' detract from the convenience of the geological arrangement. 
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Table IV. — ABRANaEMKNT oe Books and Rook Systems 


Era or Po.riod. 


Post-Tertiary . 
Cainozoio or Tertiary 


Mesozoic or Secondary . . . [ 

I 

Newer Palaeozoic f 
Palaeozoic or . Bontozoic ) 
Primary palaeozoic | 

or Protozoic j 

Eozoic I 


Synt(‘iii. 


Post-Pliocoiio. 

Pliocono. 

Miocene. 

pligocono. 

Eocene. 

Crotacoons. 

Jurassic. 

T’riassic. 

Poi'inian. 

Carboniferous. 

Devonian and Old Rod Sandstone. 
Silurian. 

Ordovician. 

Cambrian. 

Metamorphio. 

Awihoan. 


ARCJHEAN SYSTEM 

Arcliean rocks only contain relatively small proyjortions of siind, 
and such material is usually so intermingled with tlui rock- tliat 
it must be separated by washing, screening, or otlier nuudianical 
means. Consequently, these rocks a.s a whole do not directly furnish 
juuch natural sand. They can only do .so when the i'oci< luis 
undergone considerable disintegration, as [)art of the graniin of 
Cornwall, Devonshire, and el.scwhcro from which china (da,v and 
kaolin are obtained, together with consiclorabh? (juantitics of sain I . 
(See Oh'na Olay Sands, Chapter ITI.). 

In addition to the small ])articIo>s constituting such priimu'v 
sands there are various igneous I'ocks, inchuling pegmalitt's, 
aplites, microgranites, and moditied granites, whic.li may he gi-onnd 
and so used as sources of sand which is very suitable for sonu' 
jDurposes when the rocks arc sufficiently free from iron com pounds 
and other undesirable impurities. The cost of erushing is, how- 
ever, in many cases prohibitive and the. igiu'.oiis laxiks — being of a, 
complex character — seldom produce sands of high (jiiality. iSoim^ 
rocks which contain clastic felspar may, wluui (irushed, bc' of vabu^ 
for glass-making, as, for example, granopliyre from Jh'andy Cill, 
Cumberland. 

The portions of igneous rocks composed of almost (piai'tz 
are, unfortunately, generally useless on account of the grcuit (iost 
of grinding, sifting, and wasliing them. For many [jurposes also 
the crushed rock is not so suitable as the incoherent sand, so that, 
except in rare cases, crushed quartz is of very limited application. 
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METAMORPHIC SYSTEM 

^ The metamorphic rocks, which lie immediately above the 
primary igneous rocks, consist of beds of clay which have been 
converted into schists and slates, and of sands which have been 
converted into quartzites. The distinction is not always clearly 
marked, and, in some cases, the hyjDogenic and epigenic changes 
which they have undergone are so great, and the proportions of 
added materials are so large, that it is now impossible to say which 
were originally strata of clay, which of sand, and which of gravel. 

The schists and slates, being argillaceous in character, are outside 
the scope of this volume. 

Mixtures of felspar, quartz, and mica may be converted into 
gneiss ; mica and quartz may form mica-schist, and the presence 
of talc or hornblende may give rise to talc- or hornblende-schists. 

A metamorphic quartzite consists of a granular aggregate of 
quartz, derived from the quartz in primary igneous rocks by the 
action of pressure and heat, or of solutions of binding agents which 
permeate the interstices of the quartz. Such quartzites occur in 
various parts of the United Kingdom, including the Isle of Anglesey, 
Argyllshire, and Wc'st Inverness-shii’e. Quartzites belonging to the 
Highland metamorjjhic rociks occui’ to the north of Portaskaig and 
Port Ellen, Islay, Honhaven Bay, Jura, Loch Leven, Appin, Duror, 
Glen Orchy, Dalmally, Loch Eyne in Argyllshire, and Inverness- 
shirc^, but up to the present they have not been used commercially. 

Vein-quartz, associated with quartz-mica-schists, occurs at 
White Rock, north-west of Tinahely, (Jo. Wicklow, in a bed 109 
yards long, 50 yards wide, and over 30 feet deep. It consists of 
pure white ([uartz, but at present it is not used. Similar deposits 
occur near Vnsyslas, Cardiganshire, and in various parts of the 
wc'st and noi'th of Ireland, Wales, and Scotland, though they are 
often irregular and impersistent. Vein-(piai'tz also occuirs at Slieve 
More, Achill Island, and is uscid chiefly in th(' manufacture of 
s(!oui'ing and al)rasive s()ai)s. At Kildownct, in the south of the 
island, a micaceous ([uartzite has also Ikhui woi'ked for the same 
pur[)ose. 

Metamorphic- rocks form nearly the wholes of the Outc'r Hc'brides 
and occupy a belt of variable' width in thc' wc^st of Siitherlandshire 
and Ross-shire in Scotland, Doimgal, Londondei'ry, Mayo, and 
Galway in Irc'.land, and th(\y ocauir in iri'C'gular arc'as in Pc'inbroke- 
shiro, Anglesea, (tirnai'von, and the Midlands. Thc^y consist of 
massive hornbleiidic gru'iss with bands cjf schist, felsite, etc., but 
contain few rocks of any commercial importance as sources of sand. 
A quartzite which occurs on Holyhead Mountain, Anglesey, is 
crushed and used in the manufacture of silica bricks and also for 
furnace linings. When sufficiently finely ground it may be suitable 
for the manufacture of glass. 

A sand resulting from the disintegration of a soft, white Dalradian 
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quartzite associated with some calcareous material, which occurs 
on the slopes of Muckish Mountain, some distance from Donegal 
, (Ireland), is suitable for, and has been used for, the production 
of glass. As there is an abundance of sand, there is no need, at 
present, to crush the massive rock. 

A similar deposit of Dalradian quartzite occurs at Port-a-cloy, 
Co. Mayo, and near Kentallen, Argyllshire. At the latter ])lacc, 
it is worked for sands for the filtration of acids and for grinding 
and refractory purposes. It has not been used for glass manu- 
facture, though it appears to be suitable. At Stonefield, in 
Port-a-cloy Bay, Co. Mayo, sand obtained from a decomposed 
quartz-mica-schist is used for various purposes. 

Much of the sand found on the shores of the Isle of Jura, Scotland, 
is derived from the disintegration of Dalradian quartzites, and has 
in the past been used for glass-making. 

The beach-sands of the Isle of Eigg, which are also derived 
from metamorphic rocks, basalt, etc., cozisist largely of quartz, 
together with much kaolinised felspar and detrital minerals. 

CAMBRIAN SYSTEM 

The Cambrian rocks also include various quartzite rocks fornual 
by the consolidation of deposited sands which might pay for 
crushing to sand. The chief of these are the Hartshill anrl Lick(\y 
quartzites, which occur in Warwickshire and Worccstei'shii’z^ 
respectively. The Hartshill quartzite extends frozn Nuneaton in 
a north-westerly direction, forming an outcrop a little over a (imirter 
of a mile wide and nearly tliree miles long, and having a thiekiK'ss, 
according to T. Eastwood, of about 900 ft. It con-sists of a white', 
pale pink or purplish, bedded rock with shaly partings dividing 
it up into the Upizer or Camp Hill, Middle oi- Tuttle Hill, and Lower 
or Park Hill quartzites. It is worked at Hartshill near Athersiom', 
and at Nuneaton; it is crushed for use in the inanufactui'e of silica, 
bricks. 

The Lickey quartzite occurs in the Liekey Hills, about 4 mih's 
to the north-east of Bromsgrove and cxtcziding for zicarly 2’ miles 
between Rubery and Banit Green, with a width varying fi'om 
200 to 400 yards ; it is worked at Pubery and Rednall. It. is a. 
hard, grey quartzite, slightly stained in some ])arts by ii'oii, and 
is used chiefly for road-stone, but has been used as a substitutes 
for ground ganister for furnace linmgs. 

The quartzites of the Cambrian system in the Midlands ai-es 
not so pure as some others, hut when crushotl tlusy form useful 
sands. 


ORDOVICIAN SYSTEM 

The Ordovician system consists principally of sandstones and 
slates, and occurs in Central and West ' Wales, Co. Tipperary, 
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Ireland, and in Shropshire, but the only rook of importance as a 
source of sand is the Stiper Stones quartzite of Shropshire, which 
lies at the base of the Arenig series and crops out in a ridge between 
Snead and Pontesbury, the beds dipping steeply. This quartzite, 
which is worked at Nills Hill and Granham’s Moor, near Habberley, 
consists of a fairly fine grey rock containing small pebbles and 
intersected by veins of vitreous quartz. It is ground and used 
as a sand in furnace hearths and linings, silica flour, and for filtration 
purposes. 


SILURIAN SYSTEM 

The Silurian system consists chiefly of mudstone, clay, and 
limestone, and contains no material of a sandy nature of commercial 
importance, though some impure sandstones and qiiartzites occur 
in it. The quartzite is largely the result of the metamorphism 
of Y^re-existing sand-rocks. Some of the Silurian sandstones in 
the United States are used for glass-making. 


DEVONIAN AND OLD RED SANDSTONE SYSTEM. 

The Devonian I'ocks, which occur exclusively in Devon and 
Cornwall, consist chiefly of sandstones, flagstones, and limestones. 

The Old Red Sandstone occurs in Herefordshire, South Wales, 
and Scotland in the corresponding Y^osition to the Devonian rocks, 
but is an entirely different series, consisting of sandstones, con- 
glomerate, marl, and beds of impure limestone. The Old Red 
SandstoiK'. oeeurs ehiefiy in the Ochil and Sidlaw Hills, Moray, 
CaithiK^ss, and Ross, with a large belt skirting the GramY)ians from 
Stoiudiaven and the Firth of Tay to the Eirth of Clyde, in Scotland, 
and in tlu' hills of bh'n'ford, Monmouth, and Brecknock (Wye and 
Scivern vall(\vs) ; the lormatiorx oecurring in irregular ])atches 
from Wal(\s to tlu^ north of Scotland. 

A number of small, isolatcal areas (xauir at Sedl)ergh, Strickland 
in Westitioihind, Haycot and (dun in Shropshire, and Bresteign 
in I I(U'('foI'dshiI•(^ whilst much larger anais occur between Bridgnorth 
a.nd laidlovv, practic^ally tlu^ whoh^ of Hei'cfoi’dshire and Monmouth- 
shire', and the west of Worcestei'shire and Somerset, and from 
Abergavemny <hu' south to (dii'dill. 

A silica'ous (conglomerate occui's in the Up[)er Old Red Sandstone 
near Eairliec, Ayrsliinc, but though it lias been crushed so as to make 
a sand for silica brick manufactuin, it is no longer used for that 
pur|)ose. Wlum Old R('d Sand.stom; is weathered the chief material 
formed is a sand, together with some “ marls,” but most of the 
Old .Red Sandstone rocks arc of little value as a source of sand, 
the most useful being some of the quartz conglomerates found in 
Ayrshire and South Wales. 

At Abercriban, near Merthyr Tydfil, the Grey Grit of the Old 
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Red Sandstone has formed a detritus of sand mixed with largo 
and small blocks of grey sandstone occnpying a large area and 
being in places more than 10 feet thick. This sand is used for 
lining open-hearth furnaces, for puddle, and as a substitute for 
ground ganister. 


CAR.BONIREROUS SYSTEM 

The Carboniferous System is rich in sand rocks ; it may bo 
divided into six sections, namely; (1) Calciferous Sandstone; (2) 
Momitain Limestone; (3) Yoredale Rocks and Millstone Grit; 
(4) Lower Coal Measures ; (5) Middle Coal Measures ; and ((>) 
Upper Coal Measures. The carbonifei'ons rocks are widely dis- 
tributed in the United Kingdom, the chief occurrences being in 
Central Scotland, Northern and Central England; Wales, and 
Ireland. 

The Carboniferous System does not yield many deposits of loose 
sand, and is chiefly valuable for sand rocks such as sandstone, 
silica rock and ganister, which are ground to the desired finemvss 
and then used for the manufacture of silica bricks, sand-lime bricks, 
and for furnace linings. They are, when crushed, also used foi' 
filtration and other purjroses in the same way as sands. In many 
cases, however, the interstitial cement renders the material (')f 
little value. In other cases, it does not pay to crush the rocks 
owing to the proximity of other materials which need less pre])ara- 
tion and can, therefore, be worked more cheaply. 

The Calciferous Sandstones which occur in Eifoshiro and 
Edinburghshire consist of hard siliceous sandstones which bavc^ 
been w'orked at Barnton, Gurrio Glen, and Graigleitli (puirricss, 
in Edinburghshire, for use as building stone and for grinding glas.s, 
hut they ai'e too hard and too impure to bo worth grinding so as 
to produce sand. 

Hard quartzose rocks similar to ganister also occur at Kiiighoim, 
Eifeshiro, and probably extend inland on t]u^ same horizon. Soft 
and decomposed sandstones belonging to tlu! Uiqror' Gakifei'ous 
Sand, stone groiq) occur at Goolkecr'agh, iioi'th of Londondc'i'jy, 
where they are white oi’ j’eddish in (iolonr and aru used for' inler'tor 
bottle glass. A soft white sandstone aborrt 30 ft. tliicJc oc.eur's 
in the Calciferous Sandstone Scries near Lower Kildress, Gookstown, 
Go. Tyrone, the itpjrer jrortion being staimui bi'rrwn or reddish 
and containing wedges of ferruginous matter. In the lowm' jrart 
is a thick bed of very fine sandstone, which is readily disiirtegratrul 
on exposure and is used for glass -rnaldng. 

Carboniferous Limestone. — The Mountain Limestone includes 
numerous pockets containing sand which lias been Itdt after the 
removal of the limestone in solution by water clumged with carbon 
dioxide. The largest pockets or “ swallow holes ” occur' in tiro 
Mountain Limestone of Derbyshii'o and Noi'th f^talfordshirc. In 
Derbyshire the pocket sands occur in an ai'ea enclosed by Monyash, 
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Youlegrcave, Hartington, and Winster, and extending northwards 
to the Junction of the limestone and shale beds. 

At Park Mine, near Askham-in-Furness (Lancashire), sand, 
covered over thickly with boulder clay, occurs in pockets of 
haematite in the Carboniferous Limestone. It is used for moulding 
steel and for lining steel converters. 

In Staffordshire useful deposits of sand occur near Oakmoor. 

Other deposits are in Flintshire at Halkyn, Rhes-y-cae, Pantddu, 
etc., in Denbighshire, near Llandudno and Abergele, at Conway 
in Carnarvonshire, and in some parts of Ireland. The Abergele 
deposits are the only ones of much importance, the others being 
mostly small and not at present worked. The pockets are usually 
cup-shaped and contain pebbles, sand, and white or coloured clay, 
the matei'ials being mixed to some extent with granular particles 
from the Millstone Grit rocks, which occur above the Mountain 
Limestone, and also with materials derived from other rocks as 
a result of glacial action. In some of the Derbyshire deposits, 
debris from the Buntcj* Sandstone, Pebble Beds, Keuper Marls, 
and Rhaetic formation are found, and in some places lignites occur, 
forming beds similar to those in which the Devonshire ball clays 
occur. (See also ( t (mister Sands, Chapter III.). Some of the pocket 
sands might be useful for glass manufacture, as at Brassington, 
Ikirslcy Hay, and Abergele, but in most cases they are too irregular ; 
th(\v a.i't' usca! as I'cIVaetory materials where they are sufficicirtly pure. 

The priiKtipal silica i'oeks found in the Carboniferous Limestone 
S('ri('s ai'(' in North-eastern England, North Wales, and Scotland. 

In Norlh-cashn'n Erajland there are several beds of siliceous 
rocks ill the Carboniferous Limestone Series at various depths 
to nearly 1 100 ft. bdow the Millstone Grit. The ])rinci))al beds 
an' : (1) the Eggh'stonc silica rock or Romaldkirk ganister, which 
li('s aboV(' tlui Fell Top Limestone; (2) the Harthope silica rock; 
(,‘l) ilu' Ivookhopc' bastanl and ]iencil ganisters ; (4) th(' Fourstonc'S 
silica rock below the Main Limestone ; (5) the Nattrass Gill gani.sters 
Ix'low tho Undersett oi' Four-Fathom Ikmcstonc' ; ((>) the Bi'igg 

Hazel rock above' the Thrix'-Yard lamestoiK' ; (7) the Luiu'dalc' 
rock b('tw('('n the Live-Yard LimestoiU' and the. Scar Limestone. 

4di(' Egglestoue rock is worki'd at ('astleside, ncair Consett, on 
a.n outcrop sloping sliglitly to the east iimh'r a covcunig consisting 
ehiedy of shah'. It consists of two Ix'ds of white and blue (puirtziiie 
sandstoiu' respc'ctively, and is used in the manufacture of silica 
bric'ks. 

4di(' Harthopc' silica, rock outerojis from beneath a peat covering 
at Daddry Sheild, U.S.O., in Durham, and is employed for the 
imuiufaetun' of silii'a and ganistc'r bricks. 

The Itookhopc' ganister consists of a black pencil ganister ami 
OIK' of a lighter colOur lying immediately above the Firestone Sill 
of the district, the, top bed being the densest and most cpiartzitie., 
and is more suitalile for use as a refractory material than the lower 
bed which passes into an ordinary sandstone. 
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The Millstone Grit is a typical, hard, quartzose sandstone, 
alternating with shales, which constitutes the lower beds of the 
Coal Measures and so is known to colliers as the “ Farewell Rock.” 
Where it is not so covered, it usually forms narrow areas immedi- 
ately around the great coalfields of Wales, Yorkshire, Derbyshire, 
the west of England and on the edge, of the Northumberland and 
Durham coalfield, though some small areas of it are distributed 
irregularly some distance away. Thus, to the south of Hoxham 
and Haltwhistle in Northumberland are several such isolated 
areas, whilst numerous others occur to the north-east of Sedbergh. 
A large area of Millstone Grit extends from Lancaster to Settle and 
Garstang. Another large ti-act occurs in West Devon, extending 
from Barnstaple to Tavistock and from Bampton to the Bristol 
Channel. 

The Millstone Grit rocks vary in thiclcness in different parts of 
the country. In the Mendip Hills, near Bristol, they attain a thick- 
ness of from 600-100X) ft. In central England, the rock is 
lighter in colour and contains many pebbles of white quartz, ])assing 
sometimes into a conglomerate, and at other times abounds in 
grains of felspar, forming an arkoso rode. It is thickest in South 
Lancashire and Yorkshire, but to the north, in Northumberland, it 
decreases to about 400 ft. in thickness, and is even thinner in 
Scotland. 

In Cumberland a coarse yellowish- white, fclspathic and slightly 
micaceous sandstone occurs near High Harrington in association 
with mixed shales ; it is ground and used as a substitute for ganistcr 
and ganister sand. 

In Derbyshire a bastard ganishu’ occurs in. the Millstone Grit 
Sei’ies about 12 ft. below the base of the Rough Rock at Ridgenvay, 
Ambergate, and a silica rock termed “ Litchfield’s Canister ” occurs 
some distance below this in the same formatif)!!, Imt these dcqiosits 
have not been, as yet, sufficiently well investigatc'-d to dek^rmine 
their uses. The waste material, hit after pn^piuiug large blodv.s for 
building ]:>urpo.ses, fi'om the Millstone Grit rocks at Rowsley may 
bo used for making common gla.ss. 

In Yorkshire the Millstone Grit at Ihuithaiu is craisbed for pig- 
bed sand. 

In North Wales the principal Millstone^ Grit rode of commercial 
value is the Cefn-y-fedw sandstones which occui’s in isolated areas 
near Mold and Minora and between, Tr(?vor and Porthywaen. 

In Flintshire it is worked to the south-west of Mold as a source 
of silica sand for pottery manufacture. Another (exposure', in the 
same district is ground and sold as silica floni'. At Gi’aianrhyd the 
sandstone, which is about 60 ft. thick, is uscul as ii source of silica 
sand and for refractory pur]K)ses and for sc^ouring and abrasive 
soaps ; near Buckley it is ground and uscal as a sand for lining 
open-hearth furnaces . 

In Denbighshire the up])or j)art of tlui Gefn-y-fedw sandstone 
consists of a highly felspathic grit, whilst in Iflintsliire it (.ionsists 
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largely of pebbly sandstones and grits. Tbe best portions of the 
bed consist of a quartzose sandstone with or without pebbles and 
containing very little felspar. Such beds occur at Ffrith, Bwlch- 
gwyn, Minera, and near Trevor, and are used for the manufacture 
of silica bricks, as a source of sand for filter beds, for dressing 
furnaces, and also for the manufacture of abrasive soaps. 

In Bouth Wales there are large deposits of siliceous rocks, the 
whole of the material used in the manufacture of silica bricks being 
obtained from the Millstone Grit rocks which outcrop around the 
edge of the South Wales coal held, between the Limestone and the 
overlying Coal Measures, and pass under the Bay of Swansea and 
(Jarmarthen. The outcrop aj)pears almost continuously for a 
distance of nearly 140 miles from Monmouthshire through Breck- 
nockshire, Glamorganshire, and Carmarthenshire, and from the 
western side of Carmarthen Bay into Pembrokeshire. The rocks 
are not available over the whole length of the outcrop as they are 
partially covered by the Triassic rocks, especially near Cardiff. 
Along the northern margin of the coalfield the Grit is well developed, 
the dip of the beds being much less than to the south and in Pem- 
brokeshire, so that the outcrop is much wider. At the northern 
margin tlu^ beds may be dividefl into three distinct strata : 

Ifarewc'll Rock . . . 0-450 ft. thick. 

Shale 100-1000 

Basal Grit . ... . 0-700 

On thc! north-eastern and south-eastern sides the various beds 
are less eh^aiiy (hdiiied and more shaly than to the north. To the 
south the formation consists of shales, congiomei'ab's, giits, and 
sandstones of gr(uit thickness, but aj)j)arently small commercial 
value. 

The Basal Grit supplies the whole of th(‘ materials at jjreseiit 
usial for silica bricks in the ai'ca, though tlua'(> arc' a,m])le resources 
in tlu' ovc'.rlying beds. 

All thrc'c b('ds arc' chiefly cc)m[)o.sc'd of cpiai'tz pc'hbh's and grains 
of various size's. Thc'.y vary fiom hard cpiartzites to soft coti- 
glomcu'ates or sandstone's. The' hardc'r varic'tic's arc' chic'fly usc'd for 
silica bric-ks, whilst the softci' matei'ials arc' workc'd feer hearth sands, 
ganistc'r mixture's, silica cement, mcudding sands, a-ncl for com- 
position and painh! uscal in fcnindry work. The princ-ipal districts 
where these beds arc'- worked include Dowlais, near Merthyr Tydfil ; 
Pendc'ryn, thc' Vale of Neath, and Penwyllt, nc'ar Neath ; the 
Black Mountain and the Vale of Tawm and Brynamman, near 
Swansea ; Llandybic, near Llandeilo ; Mynydd-y-gai'cg, near Kid- 
welly ; and Tem])leton, near Narbc'rth. 

At Clydach, nea,r Aber'gavenny, the' basal bed of the Millstone 
Grit has 'been suggested as suita'bk' for the production of ground 
silica for lining open-hearth furnaces. 

The Millstone Grit in this area is much weathered in places, 
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forming a loose sand which is used for the same purposes as the 
solid rook, but has the advantage that it needs little or no crushing. 
Weathered beds of this kind occur at Hirwaiin, near Aberdare, 
and Penwyllt in Brecknockshire, Mynydd-y-gareg, near Kidwelly, 
Brynaniman and Upper Cwmtwrch in Carmarthenshire, and in the 
Vale of Neath in Glamorganshire. 

The Basal Grit at Mynydd-y-gareg has been crushed very fine 
and used as a polishing powder to some extent. Some of the soft 
sandstone at the base of the Millstone Grit around Carmarthen has 
been dug for building sand. South of Castle-C6ch, yellow loamy 
sands with bands of fine and coarse gravel to a depth of 32 ft. 
have been worked for building sand. The lower layer, which is 
about 7 ft. thick, is best suited, for this purpose. 

In Durham the beds of Millstone Grit yield various fine-grained 
quartzose sandstones, some approaching bastard ganisters, which 
are used for the manufacture of silica bricks and as sources of sands 
for furnace linings, etc. The Grit is conveniently divided into 
three groups, the two upper ones yielding four beds of serviceable 
stone. In the topmost beds are the silica rocks of Castle Hill, near 
Consett, and those of Cross Quarry, near Stanhope, whilst in the 
middle beds are the rocks of West Butsfield Quarries, Consett, Sandy 
Carr, near Rodgate, and Weatherhill Quarry, nea.r Spennymoor. 

In Central Scotland there are two imjjortant beds of siliceous 
rock lying respectively one above and the other below the Middle 
Fireclay in the Millstone Grit. In some places, there are several 
beds of ganiater interstratified with fireclay, whilst in others only 
one bed occurs between thick bods of fireclay. At Bonnybridge 
(Bonnyside and Dykehead pits) both ganister beds are worked, the 
upper being the most valuable, but at Drum Mine and Greenhill 
only one bed occurs. 

In Linlithgowshire, a white medium-grained sandstone occurring 
above the Top Fireclay is used for .silica bricks. At Blochairn, 
near Glasgow, two beds of white sand.stone occurring in the up]>er 
part of the Millstone Grit are worked. The upper bed i,s about 
20 ft. thick, and consists of a hard white siliceous rock which was 
at one time ground for use in open-hearth furnaces. The lower 
bed is more argillaceou.s, and is suitable for moulding sand. At 
present neither of these beds are in use. These beds belong to 
those terined “ rotten rocks,” which are worked in the Millstone 
Grit at Drumcavil, Garngad Road, Garnldrk, and Glenboig, chiefly 
for jnoulding sands, but also for furnace hearths and for making 
.silica bricks. 

In Stirlingshire, a white ganister occurs about GO ft. below 
the Lower Fireclay at Castlecary ; it is crushed and used for silica 
bricks. At Gartvorrie, near Glenboig, a sandstone occurs 90-120 ft. 
below the Lower Fireclay ; part of this bod is used for the hearths 
of open-hearth furnaces and as a moulding sand, yome has also 
been used for glass manufacture. At Levenseat (Edinburghshire), 
a soft decomposed sandstone occurs over shale beds in the lower 
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part of the Millstone Grit formation, and is covered in places by 
a thin layer of Glacial Drift. It is ground and used for inferior 
glass-ware, and may also be used in metallurgical furnaces. 

Siliceous sandstones also occur in the Mllstone Grit at Kello 
Water, Dumfriesshire. 

In Ireland the Ballycastle sand lies on the Carboniferous sand- 
stone, and may have been partly derived by the disintegration of 
this bed, and has been added to by blown sand from the dunes. 
The material is used for the manufacture of bottle glass. 

The Lower Coal Measures consist chiefly of argillaceous shales, 
sandstones, coals, and grits, or of white sandstones and dark oily 
shales (as in the Scottish- Lothians). They are apparently of 
fluviatile or lacustrine formation, though there is occasional evidence 
of marine deposits and of admixture with igneous rocks which have 
been brought to them by the action of flowing water. The sand- 
stones may be very coarse and loose, or fine and compact, as in 
ganister (see Chapter III.). 

Ganister and ganister-like sandstones occur in North Lancashire, 
Derbyshire, Durham, and South Yorkshire. The most important 
de])osits of true ganister are found around Sheffield and in other 
parts of South Yorkshire ; they lie between Halifax Hard Mine 
Coal and the toj) of the Millstone Grit; the best beds being 
imnuHliately l)clow this coal and bearing the name Hard Mine 
Ganistcu- ; they vary in thickness from a few inches to more than 
5 ft. A bastard ganister which occurs beneath the Clay Coal in 
sonu^ loe.iditi(\s very closely resembles the Hard IVIine Ganister. 

IMk' I bird Mine Ganis-ter is chiefly obtained near Beeley Wood 
and Dc'opear and in the Little Don Valley between Stocksbridge 
and Hu(ld(u-slield. A bastard ganister occurs in places below the 
Hard Bed Band (Joal and is worked at Bullhouse. These deposits 
ar(i diicdly usc'd for the manufacture of silica bricks, silica cement, 
and gi-ound ganister for furnace work. The beds dip steeply, and 
whilst they outcrop at Totley on one side of Sheffield, they occur 
at a de])th of nearly 400 yards at Deepcar on the other side. 

In th(^ Huddersfield, Halifax, and Leeds districts the Hard 
Mim^ Ganistt'r ocicurs, sometimes as a ganister and also as a siliceous 
clay and a siliecious sandstone. 

At the base of the Jmwer Coal Measures very pure and much- 
shattered Carboniferous sandstone, called the “ Guiseley rock,” is 
work(ul near Guiseley (Yorks.). It is crushed and used in the steel 
industry, and has also been employed on a small scale for glass- 
making. 

In DerhyHliire the Sheffield ganister occurs around Beauchief, 
Dore, Totl(\y, and Bullbridge near Ambergato, in the same horizon 
as in South Yorkshire. To the south-west of Chesterfield a ganister 
occurs above the Alton Coal, and at Ridgeway, near Ambergato, 
a bod termed “ Glossop’s ganister,” which occurs about 100 ft. 
below the Alton Coal, is more correctly regarded as silica rock than 
as a true ganister. 
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In Durham two important beds of silica rock occur in the 
lower Coal Measures. The upper bed occurs at Crook and Knitsley 
'ell, south of Wolsingham. 'The beds dip slightly to the north, 
md consist of fine-grained sandstones which are used for the 
manufacture of silica bricks. The lower bed occurs just above the 
Millstone Grit at several places around Crook and to the south 
of Wolsingham. In some ])laces it is a true pencil ganister. Selected 
poi’tions are used for the manufacture of silica bricks and for 
pug ganister. 

In North Lancashire, a poor quality of gaiiister lies below the 
LoAver Mountain Mine Coal, AA^hich is equivalent to the Alton Goal 
of Yorkshire. It is used for the same purposes as ganister. The 
Warmden rock, which lies above the .Inch Mine Coal and is worked 
in the Accrington district, may be useful for silica bricks, and when 
ground forms a substitute for ganister. Some of the siliceous 
sandstones of the Millstone Grit in Lancashire and Cheshire are 
crushed for moulding sand and sand for forge furnaces. 

, In Scotland two siliceous sandstones occur above the Lime 
Coal at Byreburn (Dumfriesshire) and appear to be suitable for 
silica bricks, furnace hearths, and possibly for glass manufacture. 

In Ireland, a soft cream-coloured sandstone about 60 ft. thick 
occurs in the Lower Carboniferous Sandstone Series above the 
Main Coal of the Ballycastle coalfield. The lower portion is easily 
crushed, and is used for furnace linings and for glass-making. The 
upper portion of the beds contains shale bands and is, therefore, 
of lesser value. 

The Middle Coal Measures consist of grey shales and sandstones 
with seams of coal, fireclay, and ironstone. The greatest thickness 
is in North Staffordshire. Some of the sandstones are red. 

The silica rocks and sandstones in these measures occur in 
Cumberland, Derbyshire, Shropshire, and Gornal in South StalTord- 
shire. 

In Cumberland there are no true ganisters, but several silica 
rocks occur in association with the Clifton Little Main Coal at 
Branthwaite, and Flimby. At Branthwaite the beds crop out 
from beneath the overlying glacial deposits, whilst at Flimby they 
lie beneath a bed of 4 ft. of fireclay which occurs immediately 
under the Little M.ain Coal. At Workington the ganister occurs 
beneath the underclay of the fireclay coal, which is about 50 ft. 
below the Little Main bed, Theses silica rocks are chiefly used 
for silica bricks and as a substitute for ganister. 

In Derbyshire the silica I'ocks in the Middle Coal Measures arci 
woiked at Riddings, to the noidh of Ambergate, where they occur 
as a fine-grained quartzite above the Ta]Aton Furnace or Low 
Main (Joal, and are used, together with Derbyshire “ ganister sand,” 
for the manufacture of silica bricks. 

In Shropshire the Kotley sandstone in the Middle Coal Measures 
is associated with the Fungous Coal at Ketley, where it is used 
for silica bricks and as sand for reheating furnaces. . 
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In South Staffordshire is a white or yellowish stone, known 
locally as “ Gornal stone,” which is worked at Upper Gornal, 
near Dudley. The stone is ground and used for ” cupola sand.” 
The finest grades are sold as “ best white sand ” for gasworks 
and for use as scouring sand. At the base of the Gornal stone is 
a so-called ganister, which is ground and used for wall -plastering 
and for lining blast furnaces. 

The Upper Coal Measures are composed of sandstones, fireclays, 
and bituminous shales, and seams of ironstone, coal, and limestone 
frequently occur in them. They are best developed in the Bristol 
and Somerset coalfield, but they also occur in the Midlands. No 
sands or sand rocks of any commercial importance occur in the 
formation. 


PERMIAN SYSTEM 

The Permian System consists of red sandstones, marl, magnesian 
limestone, and yellow sands. Their distribution is not well defined, 
except in North and Central England, East Durham, Central 
Yorkshire, Nottingham, and Shrewsbury, where the formation 
runs in an almost straight line from Tynemouth to Nottingham 
and the magnesian liuK'stone is prominent. 

The Permian Sandstones are very irregularly distributed. 
The:v consist chicdly of reddish sandstone, of mottled, purple, 
ycdlow, gnam, and l)rown shales. The magnesian limestone yields 
eal(!ar('()us flagstones. Tlio lowest Permian beds consist of a very 
variable s(a'i(\s of sandstones, sands, and clays of various colours, 
ii'i'ogular thickness, and givat diversity of character. The Lower 
Permian ycdlow sands are often (piite incoherent, but arc frequently 
too dcM'ply iron-stained and calcareous along their outcrops to be 
of nnudi value, though th(\y may be used for sonu' ]mrposes. 

A sonu'what im[)ortant area occurs in (South (lumberland, and 
('xi.cmds from Wreay to Penrith, A])plel)y, and Kirkby Steiihen. 
A mirrow strip runs irnigularly along the ('astcuai edge of the 
Duidiam (!oal field from South Shields to iSluneliri'e". A small area 
oeicurs neiar Then-nton in Ye)rkslure, aaiotheu- near (lithe-roe, anel 
va,rie)us irre'gular strips neair Leigh (Lanes.) anel ne)rth anel east 
of .Manelie^steu', exteuiding through (Stexle pe)rt te) the Maeclesfielel 
( 'anal. 

In Ne)rth Deu’byshire the (piielvsanels at the! base; e)f the Permian 
heals— which a, re! al)out 20 ft. thick — aree used fe)i' buileling sand 
from pits at Hailborejugh anel Pebk'V Pe)nel. At Iv(!el Hill and 
(fre!sswe!ll the! sandy heals of the Mielelle Permian marl have been 
trieiel. At Barlbore)Ugh the sanel is sufticiemtly cohesive to be 
tunnelleal from beneath the e)verlying clays anel to stand firmly 
in the! re)e)fs and walls eef e)lel workings. 

The base of the^ JVrmian beds, fi-e)m (lowno towards the York- 
shire horde!!', consists of semi-incoherent sands, which replace the 
breccia in the corresponding position farther south. These sands 
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consist chiefly of rather fine-grained quartz sand of a ]-)alo yellow 
colour, sometimes orange and red in patches, anri having the con- 
sistency of a soft sand rock which is easily crushed ; in |.)laces 
they are indurated with calcite, and occasionally studded with 
rusty brown pellets about in. in diameter and cemented by iron 
oxide. The beds, which are variable in thickness and often cross- 
bedded, are much obscured by overlying clays. 

Numerous and irregular small areas occur in Shropshire, notably 
(1) around Shrewsbury, (2) north of Oswestry to Gresford, (3) south 
of Newport to near Kidderminster, and (4) east of Market Drayton. 
Similar irregularly shaped areas lie around the South Staflordsliirc^ 
coalfield, particularly between Sharcshill, Wolverhampton, Stour- 
bridge, Lickey Hill, and West Bromwich. A relatively large area 
extends from Kenilworth to near Atherstono, with unimportant 
outliers to the north and west. 

The southernmost area of Permian sandstone extends irregularly 
from Nether Stowey in Somerset, through Tiverton and Exeter 
to Torquay, with a westward branch from Silverton to Exbourne. 


TRIASSIC SYSTEM 

The Triassic system was at one time included, together with 
the Permian system, under the general title of “ New Poed Sand- 
stone,” but is better considered separately. The Trias beds of 
Great Britain may be divided into three distinct sections as in 
Table V. 

Table V. — Tkiassio System 

1. Rhaetic _ Shalaa and limostono. 

2. Upper Trias or Keiiper . . New Rod marls and watorstoncH. 

3. Bunter Sandstone . . . Upper Mottled SandHtono, Middle Pebble 

bed, and Lower MotLled Sandstone. 

Both the Bunter and Keupor series indicate! sea and desert 
conditions, with much wind-drifted material. Tlu! Tiias marls 
were probably formed by a fine dust borne from some arid districit 
and deposited in a salt lake, forming marl beds with layers of 
gypsum in between. 

The Rhaetic Beds follow the upjwr limit of the Koui)ei' Ix'.ds 
(i.e. between Trias and Lias). They comprise grey marls, black 
shales, and White Lias limestone, and are most develo]oed east 
of Taunton and in the Polden Hills at Sedgemoor. The Somerset- 
shire Rhaetic beds, formed of black shales and White Lias limestone', 
lie under the Lower or Blue Lias, which is extensively quarried 
for stone, lime, and cement. They consist of thin-bedded shales, 
clays, and sandstones. 

A greenish-grey Rhaetic sandstone which occurs at Morriston 
(Glam.) is worked as a material for silica bricks and furnace linings. 
The Keuper Beds consist of clays with thin layers of sandstone. 
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•veins and nodules of gypsiim, and impersistent beds of rock salt. 
They are chiefly found in Cheshire, but also occur in the Solway 
basin and down towards the Mersey, where they merge into “ that 
broad belt of red sediments which stretches diagonally across the 
whole country from Durham to South Devon.” 

The Keuper Waterstones consist chiefly of soft sandstones, 
which around Higher Bebington, Cheshire, are 30-40 ft. thick, and 
are crushed for use as refractory materials in the iron, steel and 
copper industries and also for bottle glass. The chief disadvantage 
of this material is the clayey substance in it. At Alderley Edge, 
Cheshire, are large tips of sand, derived from the Keuper waterstones 
which have been worked for copper and lead. It might be suitable 
as a sand for bottle glass, though it is remote from glass-making 
areas. 

The Keuper waterstones in Derbyshire are thin, red and greyish 
flags interstratified with red marls. They form a flaggy, sandy 
base to the lower part of the Keuper marls and are only a few feet 
thick. 

The Keuper beds extend, with some interruptions, across the 
country from Axmouth and Sidmouth to the mouth of the Tees, 
forming valleys in the south and west of England, the Vale of 
l^iunton, and to the; east of the Malvern range. The beds extend 
over the (uisteru half of Nottingham, shire, the west of Lincolnshire, 
and reach into Derbyshire and Staffordshire. 

The uppermost ])ortion of the Keuper beds is widely distributed ; 
it (tan bo traced from the coast of Lancashire to the Bristol Channel, 
and ctovers a larger area in the Midlands than the rest of the Trias 
and the whole of the Permian Sandstones combined. It also 
occurs at Budleigh Salterton in the south of Devonshire. 

K(mp<tr betds also occur in ■|)atches along the west coa,st of 
Scotland and along the east coast of Ireland. Pebbly sands occur 
luta-r their base in the ludghbourhood of Belfast. 

Th(^ Bunter or Lower Trias is usually divdsiblo into the Upper 
Mottled Sandstone', a middh^ bed of conglomerate, and a lower 
b('(l of Mottk'd Sandstone. Onc' large tract of this formation extends 
from Annan in Scotland to Longtown and Brampton, thence 
southwards to Brough in VV('stmorla.nd. 'Phis formation also extends 
along th('. coast fi'om St. Bc('s to Morecambe Bay, West Hartlepool, 
and Darlington, across tlu' 'Pcc^s to Northallerton and somewhat 
south of Bi])on, wln're it is dividcal by mon' recent depo.sits, but 
covci's an ai'ca west and south of York and, in an irregular manner, 
the districts w('st of Selby and Snaith. 

Between Thorm^, Doncaster, and Bawtry, and southwards to 
Nottingham, the Triassic area is broad and important, Retford 
forming its most eastern boundary and Manslield its most western 
one. The Triassic areas in Dei'byshiro and Staffordshire are 
irregular — a small one at Morley and another extending from 
Repton-on-Trent through Church Gresley to Nether S^eal in 
Leicestershire. 
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The banks of the river Trent present many good sections of 
these strata, as at the junction of the rivers Trent and Soar, where 
they are pierced by the Bed Hill tunnel on the Midland Railway ; 
and at RadclifE-on-Trent, where they form picturesque cliffs of 
a red colour. The strata are also exposed to view in many places 
in the vicinity of Nottingham, as in the cutting for the old road 
over Ruddington Hill,' in the Colwick cutting of the Nottingham 
and Lincoln Railway, and Goose Wong Road, leading to Mappcrly 
Plains. 

A larger area of Hunter Sandstone extends from Keddleston 
to Ashbourne, others around Longton, Whitmore, and Leek being 
equally significant. 

The Triassic area west of the Potteries coalfield, though 
nominally in Staffordshire, is really a portion of the large area 
extending across the northern half of Shropshire, southwards to 
Quatford and northwards to the borders of Cheshire. 

A large area of the Lower Trias extends from the Mersey (Now 
Brighton and Warrington) through Chester to Ellesmere in .Flint- 
shire. A branch of this lies between Ehyddlan and Ruthin. A 
much-extended and irregular area reaches along the west of Lanca- 
shire from Cockerham through Preston and Ormskirk to Liverpool, 
east to Warrington and Manchester, and south to Macclesfield. 
A large area extends from Stafford to Wolverhampton, Stourbridge, 
and Stourport, and another from Lichfield to Birmingham, with 
a small district around Lickey Hill between those two areas. 

The three divisions of the Bunter beds do not persist throughout 
the whole of the areas mentioned, but in places are very thin or 
wholly absent, whilst other portions may be well developed . 

The Bunter pebble beds are light yellow, coarse-grained sand- 
stones with scattered, well-rounded ]3ebbles of quartz or other 
rocks. In places they change to- a light-coloured grey sandstones 
with bands and lenticles of conglomerate and occasionally a few 
pebbles. The stone rarely has a reddish tinge and soniotimes 
has a mottled appearance on. the weathered surface. 

The Lower Mottled Sandstone consists of bright rod or crimson 
sandstones blotched with brown or yellow ])atches and frec^ from 
rounded pebbles. In places it varies from smooth well-hondt'cl 
red dejmsits to a coarser and paler red material which gradnally 
changes into the Bunter pebble beds. The beds are im|jersiste]i't 
along the southern edge of the Notts and Derby coalfield and 
.contain lenticles of breccia and thin partings of red marl. It is 
frequently absent. In Derbyshire it is just over 100 ft. thick, 
the upiDer bed consisting of fine-grained red sandstone containing 
some clay or marl. The lower beds are more marly, and at the 
base thin lenticles of red marl alternate with soft fine-grained 
materials. The yellow mottling is rarely present here, but is seen 
at Nottingham. 

The Bunter beds jdeld various valuable commercial sands, 
particularly moulding sands, which are worked in many parts of 



JUBASSIC SANDS 


55 


the area in which Bunter sands are available, but especially in 
the Potteries, Nottinghamshire, and Yorkshire. 

Upper Bunter sands are worked for moulding sands at 
Birmingham Cemetery, where the face is 70-80 ft. thick, being 
capped by only a very small amount of inferior sand which is used 
for building purposes. These beds are also worked between 
Stourbridge and Wolverhampton and in Worcestershire, near 
Kidderminster and Stourport, for red moulding sand. Other 
Upper Bunter sands are largely used for building purposes. 

Some of the Bunter pebble beds have been used for building 
sand and the pebbly bands have been screened for gravel. At 
Bawtry in Yorkshire they have been used for making silica bricks, 
the material being carefully picked before use. 

Lower Bunter sands in Yorkshire are worked for moulding 
sand at Armthorpe, Bawtry, Burghwallis, Doncaster, Heck, Hensall, 
Snaith, and Whiteley Bridge. "At the four last-mentioned places 
around Selby the sands occur beneath the glacial beds. In 
Nottinghamshire they are worked at Henipshill, Lenton, Mansfield, 
Nottingham, Sutton Junction, and Worksop. The Mansfield and 
Worksop deposits are amongst the most famous in the country. 
At Mansfield the bc'ds are 60-70 ft. thick, the upper 30 ft. or more 
being used as ])ig-l)ed sand, whilst the lower 16-30 ft. consists of 
a soft brick-red sand which is well known as the Mansfield moulding 
sand. At Worksop the beds are 20-35 ft. thick, tin; bulk being 
used as moulding sands ; but some of the lower jiarts are very 
l)ure and are used for glass-jnaking, and arc also used for the hearths 
of ofK'n-heartli fui'iiaccs. 8omo of the inferior Worksop sand is 
used in the building industry. 

In Ijancashire the Ijower Bunter beds are worked as moulding 
sand at Orrnskirk, where they arc 70-80 ft. thick, and in Cheshire 
tb(\Y ar(^ workcul at Buncorn from l)en('ath tlu' boulder clay, the 
de('p-red sand obtaiiunl being used chiefly as a j)ig-bed sand. 

In StallordshircY Ijowc'r Buutei' beds are W()i'k(al at Wolver- 
hampton, whei’C th(\y are espcaually line, and arc' used largely for 
brass easting, and at (^)tuptoji and Woinbouru(\ Some' of the. 
South Stall'ordshire Ix'ds have' also beam uscsl as a siliceous ingredient 
of (irc'brieks. 

Bunter moulding sands ai’c' also worked in bc'ds about 30 ft. 
thic'k bc'twc'C'U sandstones at How Mill in ( 'uiubcu'laud. 

The famous Belfast sands arc* of Buutc'r Age* and arc; worked 
at various ])laees in the vicinity of Belfast for moulding purjeoses. 


JURASSIC SYSTLM 

The Jurassic system includes the Lias and Oolite formations, 
the former being of marine origin and the latter mainly lacustrine 
or estuarine. It includes a great variety of limestones, sandstones, 
marls, shales, and clays lying between the New Red Sandstone 
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and the Chalk, the Lias forming the lowest group and the Purbock 
beds the uppermost one. In G-reat Britain the Jurassic rocks may 
be classified as shown in Table VI. 


Oolite ■< 


Lias 


Table VI, — JtniASSia System 

("Upper Oolite. — ^Estuar-.' V'-'-'iy-i rVryr.^'"-:: with sands and 
clB.yB (Purbech Beds) il-. .. -.i! ; ! ■ ■ Wealden ; coarse 

and iine-grained oolitic limes tones, with layers of calcareous 
sand and concretions {Portland Stone and Shotover Sand) ; 
dark laminated clays, with gypsum and bituminous shale 
'irr - -U- 

r I / ■ ' . Coarse-gi’ained, shelly, and coralline oolite, with 
calcareous sands and grit (OoralUan Rocks); dark-blue clays, 
with subordinate clayey limestones and bituminous shalo 
{Oxford Olay) ; shelly calcareous grit {Kellaways Bock), with 
subjacent blue clays. 

Lower Oolite. — Coarse, rubbly, and shelly limestones {Oornbrash); 
laminated shelly limestones and grits {Forest Marble) ; sandy 
layers and thick-bedded blue clay {Bradford Olay) ; thick- 
bedded oolite, more or less compact or sandy {Great Oolite,) ; 
flaggy grits and oolites - 7 U ‘e) ; marls and clays, 

with soft marly limestone ‘ !. ; calcareous freestone 

V. irregularly oolitic, and yellow sand {Inferior Oolite). 

( Upper Lias. — Thick beds of dark bituminous shale ; lieds of 
pyritous clay and almn shale ; indurated marls or marlstono 
with beds of ironstone. 

Middle Lias. — Sands, shales, and brick earths overlain with 
\ limestone. 

Lower Lias, — Dark laminated limestones and clays ; bands of 
ironstone ; layers of jet and lignite ; beds of calcareous sand- 
stone. 

The Lias 


The Lias rocks consist chiefly of alternating layers of shales and 
limestones extending from the Tees via the Cotswolda to Lyme 
Regis. 

The formation extends along the Yorkshire coast from Robin 
Hood’s Bay to the mouth of the Tees (Redcar), then south-west 
to Northallerton, and south-east wa Thirsk and Pocklington across 
the Humber, and due south through Lincolnshire and East 
Nottinghamshire into Leicestershire. In the last-named county 
the area is much broader — ^the width being greatest from Leicester 
to Hambleton in Rutlandshire, but it narrows again on entering 
Northamptonshire and Warwickshire, and is then much broken 
up by Trias or obscured by overlying Oolite. 

Prom Warwickshire the Lias extends south via Banbury to 
Bletchington, and south-west through Cheltenham and Gloucester- 
shire to Bath and Bristol. It narrows down near Dursley, where 
it runs due south into Somersetshire, though in the last-named 
county it is often rendered inaccessible by alluvium. Here it 
spreads into numerous isolated areas, but unites again at Glaston- 
bury, and extends to the Dorset coast near Bridjiort and Lyme 
Regis, 

Isolated areas of Lias (usually limestone) occur in several 
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districts ; one of the largest extends from Audlem to near Wem 
(Shropshire), and another, rather smaller, occupies the Welsh 
coast from St. Brides to near Cardiff. 

The Lias of the North of Scotland consists in some parts of 
dark-coloured unctuous clays, in others of greyish black sandstone 
so fine as to resemble an indurated clay, or of beds of black fissile 
shale alternating with bands of coarse, impure limestone and studded 
with limestone nodules, These deposits are of little importance 
so far as sand and sand rocks are concerned, there being only a 
few beds of a sandy nature of little practical value. 

The Middle Lias is mainly composed of sand and shales overlain 
with limestone, and around Frome the Lias contains a variety 
of brick earths, sands, etc., but the sand in these beds is seldom 
used separately, as it cannot be separated on a large scale at a 
commercially profitable rate. 

The Oolite 

The Oolitic Rocks consist of limestone, grits, conglomerates, 
sands, and clays (often limey), and form a broad belt above the 
Lias from Dorset into Yorkshire. They are stratified as shown 
on ]). 50. 

The Purbeck Beds consist chiefly of shelly limestone, clays, 
and shales, with occasional sandy layers. These appear in various 
pla(!CH between Hwanage and St. Alban’s Head. The Purbeck 
strata outcrop alongside the Portland beds in Dorset, in the Vale 
of Wardour in Wiltshire, at Swindon, and on to Aylesbury. They 
lie immediately below the Woalden deposits. The Hastings sands 
ai)i)(uir immediately above them. 

The Portland Beds consist of a series of sands, sometimes 
glaiuioniiic, and c'oncretionary sandstones and clays, succeeded by 
massive oolites and freestones, with chert and occasional beds of 
(day. Unfoidunately, the ])urer sands in these deposits occur in 
(’(datively thin beds, much overlain by other deposits of small 
comnuu'cial value. 

This formation extends From Durleston Head to St. Albans’ 
Hcuul and forms most of the Isle of Portland. It also occurs near 
Weymouth. In the Vale of Wardour, in Wiltshire, and continuing 
towards Oxford and Aylesbury, the beds consist chiefly of calcareous 
sandstone. At Shotover in Oxfordshire the beds are about CO ft. 
thick and form large blocks of concretionary sandstone. The 
Portland beds arc usually rather impure, and generally of a grey 
or brown e.olour . Below the Portland beds and above the Kimmeridge 
clays arc the Shotover sands, which are not of any particular com- 
mercial value on account of the large proportion of lime and iron 
comj)ounds in them. 

The Kimmeridge Clay contains no sand beds of much commercial 
value. 

The Corallian Rag consists largely of marine oolitic limestones. 
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marls, Coral Rag, calcareous sandstones, and sands which extend 
from Weymouth to Oxford, where it changes to a clay and con- 
tinues northwards into Yorkshire, where the sandstones are again 
developed. Beyond Aldeburgh the upper part of the Red Corallian 
Rag passes into a shelly sand and gravel which extends between 
Dunwich and Northwich and Weybourne. 

A greyish -white, partially decomposed sandstone belonging to 
the Corallian beds occurs in association with coal and oil shale 
at Brora (Scotland) and is suitable for refractory purposes, though 
the problem of transportation is difficult. The Corallian sands 
are chiefly clayey and calcareous, and are of inferior quality. 

The Oxford Clay consists chiefly of stiff clays and shales, but 
at the base of this formation are shelly sandstones, sands, and 
loams comprising the Kellaways beds, which extend from Weymouth 
through Wiltshire to Bedfordshire, Lincolnshire, and Yorkshire, 
and also at Uig in the Isle of Skye. Near Bedford and in Lincoln- 
shire the sanely Kellaways beds are well developed. The sands 
in the formation are very irregular and were apparently laid down 
in comparatively shallow water, in contradistinction to the clays, 
which are of deep-water origin. 

At Burythorpe, near Malton (Yorks.), the Kellaways beds 
consist of cream or pale-brown sands 8-10 ft. thick, and very 
similar to those of the Inferior Oolite. The best qualities arc 
suitable for bottle glass, and after some purification they may bo 
used for glass of better quality. Similar, though less valuable, 
deposits occur in the same formation at South Cave and Nowbald. 
At South Cave, Estuarine sands occur, and the two beds are mixed 
and used for moulding sand. 

The Lower Oolite extends from Saltburn, on the Yorkshire 
coast, over the York moors and southwards to Acklam. After 
a gap of some twenty miles a fresh area occurs at Newbald, ncuir 
Beverley, and continues directly southwards across the Humber 
through Lincolnshire (Sleaford being its most easterly point in 
this county), through the east of Rutlandshire to Peterboroiigii 
and south-east through Northamptonshire (where it is much hrokem 
up by Lias) and skirting Oundle and Thrapston in Huntingdonshir-e. 
This formation also extends across North Oxfordshire, the east 
and south-east of Gloucestershire, north-west Wiltshire to Bath 
and the Cotswold Hills, and southwards through east Somersetshire; 
to the Dorset coast at Burton Bradstock. The sands in this 
formation are for the most part too calcareous to be of much value 
as a commercial material. 

The Upper beds of the Lower Oolite series, including the 
Cornbrash and Forest Marble, consist chiefly of limestones with 
occasional beds of clay and sand. The beds crop out from Temple- 
combo by Wincanton to Frome ; at Charterhouse Hinton sands 
with white masses of hard sandstone occur. Sandy beds also 
occur in the Forest Marble of Wiltshire at Carshani and Malmesbury. 
In some parts of Dorsetshire the Forest Marble passes into multi- 
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coloured clays and sands. Most of the sands of these upper beds 
are of small commercial value. 

The Great Oolite, which lies below the Forest Marble, comprises 
an Upper Estuarine series of coloured clays, sands, shelly limestones 
and calcareous clays, but it is very irregular. It crops out along- 
side the Forest Marble from Templecombe by Wincanton to Frome. 

Various sand beds occur in the Upper Estuarine Series in 
Oxfordshire and in the Great Oolite Clay, which series extends 
through Bedfordshire and Northamptonshire into Lincolnshire and 
Yorkshire'.. 

The most important of these are the Northampton Sands, which 
consist of a series of sandy and ferruginous beds with some calcareous 
bands rarely more than 100 ft. thick. In the lower part of these 
sands the Northamptonshire iron ore occurs. It is a hard, dark- 
gr(!onish-grey iron carbonate with grains of quartz and oolitic 
grains, the whole weathering into the brown ferric hydroxide 
(limonite). 

At Denford, (Joi'by, Warsford, Apethorpe, Blatherwyke, etc. 
(in Northam]-)tonshire) the Estuarine sands are worked for use 
in steel works and, to a siuall extent, foi' glass manufacture. 
Bimilai' sands of iidVrior quality occui- at Tadmorton, near Banbury, 
wh('.r(i the IxmIs, 10 ft. thick, arc associated with peat. 

At Huttons Aml)(), near Malton (Yorks.), the U])per Estuarine 
beds c.onsist ot' gi'('.y and yellow sands, with grey calcareous layers. 
Tli(\y ai'(^ us(h 1 for steel (^asting. The lower beds are much ]mrer 
than th(' upper oiuis, and may also be u.sed for the best qualities 
of glass, including optical glass, and for the hearths of open-hearth 
furna(H's. At Sancton the sands are white, but very niic'aceous. 

As a. g(m('ral rule tlu^ Estuariiui sands are nut vt'ry i)ure and 
ar(' frctpu'iitly ratlu'i' (uilcai'cous, but, as shown above, some of 
tluun a.r(' of consid('i'abl(' value. 

The Fullers’ Earth foianation below tlu' Gnait OoliU^ consists 
of gr(\\' clay or marl with beds of soft limestone, but contains no 
sa.nd of comuu'i'ciaJ value. 

'riu' Inferior Oolite, consi.sting of sands wiili ovt'rlying linu'stonc's, 
c.xB'iids from Burton Bradstock and Bridgeport to \’eovil, Bath, 
Dundry, and the. ( 'otswold Hills. S(‘.veral bi'ds of sands occur 
in tlu! noi'l.h-w(!st of Oxfordshiiau d’hese sands are usually 
f(M’i'Uginous and, in some (!as(\s, contain a considt'rabk; pro[)oi'tiun 
of ealcar('ous matter as well as lu^avy miiu'rals and line mica. 

ddui Midford Sands, which b(*long to this formation, consist 
of a mass of y(dlow (piartzose sands with oc-casional bands of 
c,alcar(!ous, eon(!r(itionary sandstone, ])as,sing, in the Midland 
counties, into a dark-brown ferruginous and fo.ssiliierous rock. 
Tluiy occur in Dorset between Brulgeport and Burton Bradstock, 
and'extend from iKuir Crewkerne by Ham Hill and Yeovil to Bruton 
and .Doxdting in Sonierset.shire. These sands cap the hills of the 
Glastonbury Tor and Brent Knoll. Their thickness varies con- 
siderably ill different localities ; it is nearly 200 ft. on the coast 
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at Bridport and 150 ft. in Somersetshire, but decreases to 20-30 ft. 
in Gloucestershire ; farther north the Midford sands are seldom 
more than a few feet in thiclmess. Some of the Midford sands ai-o 
exceptionally fine and might almost be termed dusts.” 


CHALK OR CRETACEOUS SYSTEM 

The Chalk or Cretaceous system comprises the Hastings sands, 
Wealden beds, Greensands, and various chalk deposits. The beds 
are divided into two groups according to their mode of origin, the 
Wealden beds and Hastings Sands (fiuviatile) being formed in a delta,, 
whilst the Chalk and Greensands formations as well as the Speefcon 
clay are of marine origin. The Punfield beds, which are classified 
under the Wealden, are really of marine origin but have become 
mixed with chalk in the beds formed by fiuviatile action. It is 
probable that the great Wealden river or delta was in process of 
formation aii the same time as the marine fossils of the Lower 
Chalk were being deposited in other areas. As the sea advanced 
this delta was also submerged, so that whilst the fiuviatile de]-)osits 
must be older than the marine ones above them, the two kinds 
of deposits were to some extent contemporary. The Marino or 
Neocomian deposits extend down to the Jurassic rocks at Speeton 
in Yorkshire, but in the south of England only the upper division 
appears, and lies above the W^ealden series, indicating the gradual 
submergence of the Wealden delta beneath the sea. 

The Wealden Beds lie immediately above and may be said to 
form part of the upper portion of the Oolite formation, being 
separated usually from the Purbeck beds by the Hastings sands. 
They are characteristically fiuviatile in origin, and probably formed 
the delta extending in an easterly and westerly direction foi- at 
least 200 miles and north and south for 100 miles, but the pre.sent 
visible area is far smaller than this owing to the superposition of 
later formations — chiefly chalk. . The chief Wealden area commences 
north of Midhurst, and extends in a north-eastwards direction 
through Surrey, and eastwards through Kent to the borders of 
Romney Marsh and Hythe and south-eastwards through Sus.sex 
to Eastbourne. The beds also form a large vale below the Lower 
Greensand scarp of Leith Hill and Hindhead (Surrey), extending 
to the north, west, and south of Ashdown Forest. 

Wealden beds, consisting of alternate clays and sands, also 
occur in the Vale of Wardour (Wilts.), and in Berkshire, Oxfordshire, 
Buckinghamshire, Bedfordshire, and Cambridge, but are of small 
commercial value. 

In the Isle of Wight alternating layers of Wealden sands and 
clays occur on the southern portion of the island, and on the main- 
land they fringe the bay north of Swanage and round Lulworth. 

The Wealden beds consist of — 

(1) Punfield beds, containing a little chalk. 
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(2) Weald Olay, consisting of thick bine clays and brown shales, 
septaria of argillaceous, ironstone, and beds of shelly limestone. 

The Hastings beds, which occur immediately below and occupy 
the elevated ground in the Weald at Trowbridge, Tunbridge Wells, 
Crowborough, Ashdown, Mayfield, Heathfield, and Hastings, 
consist of — ■ 

(1) Tunbridge Wells sands, about 200 ft. thick, which occur 
in t,ho neighbourhood of the town of that name and are used in 
the manufacture of tiles and facing bricks in conjunction with 
the local clay deposits. They are very similar in character to the 
Ashdown sand bods. 

(2) Wadhurst clay, 150 ft. thick, which is used in the manu- 
facture of common bricks, 

(3) Ashdown sands, about 150 ft. thick, which consist of a soft 
buff or white sand and sandstone. 

(4) Fairlight clay is about 360 ft. thick, and is similar to the 
Purbeck clays beneath. 

The Lower Beds of the Wealden, including the Ashdown and 
Tunbridge sands, arc often cemented by calcareous and ferruginous 
matter, so that they are not usually of great value. Some of the 
Ashdown sands near Hastings and Rotherfield, and the 
Tiinbridg(^ Wells sands at Tunbridge Wells, East Grinstead, Mayfield, 
and Ea.st Hoathby, hav(‘. been used for glass manufacture. On 
th(' e.oast tlu'. Ashdown sands (associated with lignite) are exposed 
in th(^ cliffs above the Fairlight clays and form a ridge extending 
2-3 miles overlooking Hastings ; parts are very pure and are suitable 
for glass manufaetun*. Similar dejmsits in the same formation 
occur at Buhauhyth, where the thin sands are covered by about 
30 ft. of sands, silt, and clay, but crop out at the surface not far 
distant, wIuuhu liowcwer, they are less pui'c. 

At Asluirstwood, muir East Grinstead, th(‘ Tunbridge Wells 
sands forms a soft sandstone which is, in some ])lac('s, somewhat 
fei-ruginous, but otlu'r portions are ((uite i)ure and are suitable 
for ghiss ma,nufa-(daire. 

d’lu' Greensand formation is oiu^ of tlu^ most important sand- 
bcairing dey)osits in the (lountry and lic^s above thci Wealden. It 
consists of two beats, named respec.tivcdy tipper and Loweu' Green- 
sand, s(^})ara,ted by Gault clay. Tlu^ sand beds occair as shown 
in Table VII. 

TaULK VI L. (jfltKKNSANl) l^’ORMATION 

Upper (heenmnd . (Iroonisli-groy and brown sand and chert. 

(^ault .... iStitf bhie clay with septaria nodules. 

Lower Orcenmnd . (jlreon and brown sands with pebbles, bed.s of gault, 
chort, and limestono (Kentish rag) divided into — 
Folkestone bods. 

Handgate bods. 

Hythe beds. 

Atherfield clay. 
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The beds are typically of marine origin and were formed in 
shallow seas after the subsidence of the Weald. As submergenno 
increased, the beds passed into a fine soft white limestone known 
as chalk. The Greensand formation takes its name from the 
green grains of the glauconite (iron silicate) which they contain. 
The name is, however, misleading, as the general colour of these 
sands is dark brown. 

The Upper Greensand Beds are not so important as those occurring 
at the base of the formation, being less pure and more induratcHl. 
They extend over a considerable area in the Isle of Wight, Wiltshire, 
and Kent. 

In Kent there is a thin outcrop of Upper Greensand fringing 
the northern boundary of the Lower Greensand, extending from 
Westerham to the coast. The beds consist of light-col our('d 
quartzose sands and soft sandstones calcareous and glauconifei’ouH 
in parts. In East Kent the Upper Greensand is only about 15 ft. 
thick ; near Godstone and Merstham it is 26-30 ft. and forms 
a soft white sandstone. In the western parts of the Weald tlu', 
beds are thicker but contain clay. 

In the Isle of Wight the Upper Greensand attains a thickness 
of about 150 ft. At Didcot in Berkshire it is about 100 ft. thie.k 
and consists of an upper bed of light sand with a lower bed of dai'l< 
green sand and a still lower one of hard sandstones with cherty 
beds. 

Near Devizes it is 160 ft, or more thick, but far from pure. 

Upper Greensand beds also occur at Penselwood and Chard in 
Somersetshire, and outcrop along the foot of the Chiltern Hills. 

The Upper Greensand outcrops near Kingsclere, and appears also 
from Alton to Petersfield on the borders of Surrey. 

The Lower Greensand Beds are of great importance and ai'c 
largely employed, especially in the manufacture of glass, on acciount 
of their purity. They vary greatly in thickness, but the ai^erage is — 


Eolkestone beds 
Sandgato beds 
Hythe beds 
Atherfield clay 


1 50 ft. 
00 ,, 
200 „ 
do ,, 


In the Isle of Wight they arc up to 800 ft. thick, but thin off to 
the west and nortli-west over older strata. In the south of England 
the Lower Greensand is chiefly found in Surrey and nortii-v'cst 
and soutli-west Sussex. 

The FolkesLo7ie. beds consist of light-coloured f(uartzoHe sands 
often full of sponge spicules with seams of chert and beds of grit. 
In mid-Kent the chert beds are more ])ronoimced. To the west 
the beds are moj'e ferruginous and the thick sands c<3ntaiii irregular 
beds of conpiact iron-sandstone and ironstone -grit, as in the sand- 
hills around Haslemere and Petersfleld. 

The Folkestone beds near Godstone (iSurrey) are rather irregular 
and ferruginous, and are subject to large variations in different parts 
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of the beds. Some portions are sufficiently pure to be employed 
for glass manufacture and for lining open-hearth furnaces, but the 
bulk is used as building sand and for agricultural and scouring 
purposes. 

To the east of Godstone around Oxted and Limpsfield the 
Folkestone sands become rather coarse and ferruginous, and are 
suitable for commoner glass-ware and for open-hearth furnace 
linings. At Reigate (Surrey) they are purer than round Godstone 
and are more regular, though some calcareous material occurs in 
them. The beds in some places are 40 ft. thick, but are also 
covered by very thick beds of overburden which render them 
difficult of access. The sand is used for glass manufacture. Similar 
though less valuable deposits occur also at Westerham. In Sussex 
the beds extend from Midhurst to Petworth, Fittleworth, Pul- 
borough, Storrington, Hassock’s Gate, Ringmer, and north of 
Eastbourne. 

In Kent the Lower Greensand extends from the south of 
Sevenoaks by Ashford to Hythe and Sandgate, the uppermost beds 
belonging to the Folkestone series. At Aylesford the Folkestone 
bods consist of pale grey or cream-coloured sands sloping in a 
northerly direction. They are contaminated, to some extent, by 
cihalky matter, but the bettor qualities are used for glass of various 
kinds, and arc suitable for lining open-hearth furnaces. At 
Hollingbourne and Berstcad the same beds are also worked for 
glass sand for use in bottle manufacture. 

Th(i Kent beds ar(i similar to those at Godstone and Reigate in 
Surr(\y, tlu^ sands occurring in caves as at the last-mentioned jdaee. 
T})e lovvtu- binls consist of the iSaiidgate and Hythe beds, the latter 
containing soft layers of sand or “ hassocks.” 

iS(^V(U’aJ isolated areaxs occur in Oxfordshire, one at (.'liddescUm, 
om^ thr(H> inikxs south of Oxford, and another at Nunoham Park ; 
tlu^ main mass extends in a thin stri]) fi'om Sludlingford to near 
Den'i/.es. On Shotover Hill tlu^ beds overlu; tlu' Portland series, 
and mair Oxford the saxid beds an^ mixed with ochrt' and fullers’ 
(axrth. At the l)as(^ of the Gn'cnsatid at tS('('nd and Dc'vi/x's (Wilt- 
shire) is a bed of ])isolitic iron ore 10-12 ft. thick, which is (inite 
loose' and friable' anel re'sembles a sanel. d’he' e)re' at the' fea'iner 
place' is use'el as a se)urc(' e)f iron, whilst se)me' of the' sanel is useel as 
a me)uleling sanel. 

In Ha,mpshire the Le)wer Greensaiiel e)e‘e'.urs eit Pe'te'i'sfie'lel anel 
('xte'iiels in a nea’th-we'st dire'ction ale)ng tJie' Le)nele)n iinel Se)uth- 
Weste'rn Railway te) Guildford and tiu'ne'c idme)st elue e'ast te) 
Maielstone anel via Ashfe)rd to Hythe. Ane)ther area e'Xtends 
southwards fre)m Pe'ters field ma Mid hurst te) near Hasthejiirne. 

The se)nthern half e)f the' Isle e)f Wight is largely composed of 
Lower Greensand, whieli is in parts (pai'ticularly near Ventnor anel 
Ghale) overlain by Upper Greensand and Gault. 

The Isle of Purbeck contains isolated deposits of Lower 
Greensand. 
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The Lo-wer Greensand occurs in the north of the Chalk area in 
Berkshire and Cambridgeshire. The Earingdon beds are probably 
on the same horizon as the Eolkestone beds, but occur only round 
Earingdon (Berks.). They consist of thick, pebbly, ferruginous 
sands partially consolidated and full of sponges, polyzoa, echino- 
derms, mollusca and foramirdferae. The pebbles are composed 
chiefly of white quartz, but also include quartzite, veinstone, jasper, 
slate, etc., from palaeozoic rocks. 

The Lower Greensand in Norfolk is very different to that in 
South England. At Heacham and Castle Rising the middle portion, 
used for brickmaldng, consists of clay with loamy layers and 
ferruginous nodules, but the Carstone above it is a good building 
stone. 

To the south of Leighton Buzzard the Lower Greensand crops 
out beneath the Gault clay and extends north towards Woburn 
and to the north-east towards Ampthill and Biggleswade. The 
hills of Woburn, Apsley Guise, and Ampthill in Bedfordshire consist 
largely of sand belonging to this formation, together with beds of 
fullers’ earth and some boulder clay. The sands of this formation 
largely consist of coarse material, which in places gives way to finer 
beds of cherty gravels and is associated with peaty material. They 
are suitable for a variety of purposes, particularly for filters, con- 
crete making, grinding, etc. The more ferruginous parts of the 
beds are used for building, whilst some parts are used in foundries 
and steelworks. Some of the better qualities of sand are used in 
glass manufacture, and the cherty material is employed in grinding 
plate-glass. At Elitwick the sands are less pure than in the 
immediate neighbourhood of Leighton Buzzard, and can only be 
employed where their purity is not of first importance. 

The Lower Greensand beds also occur at Hunstanton, Sandring- 
ham, Downham Market, and in the neighbourhood of Kings Lynn 
at Middleton and Ga3rbon, the formation occupying a thin strip of 
country on the eastern side of the Wash and comprising the 
Sandringham sands. The outcrop appears above sea level at 
Heacham in the north and extends souHiwards, becoming broader 
and attaining its greatest breadth between Sandringham and the 
Nar valley. The sand beds are for the most part thick and 
moderately consistent, but rather ferruginous. They consist chiefly 
of fine-grained, sharp siliceous sand of colour varying from pure 
white to bufi or yellow, due to the presence of iron compounds and 
to the decomposition of pyritic nodules. Grey or greenish loamy 
bands occur in various parts of the beds and sometimes make the 
working difficult. The upper part of the beds, of a thickness 
varying from 30 to 50 ft., is the most valuable and comprises the 
“ white sands ” of this series. The lower part of the beds consists 
chiefly of green or ferruginous loamy sands containing phosphatic 
nodules and resting on the Edmmeridge clay. 

The Lynn sands are used chiefly for glass-making, but some is 
also used for open-hearth furnaces and other refractory purposes. 
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for moulding sand, arid for building. A small amount is also used 
for abrasive purposes. The red sands of the Lynn beds are used 
for making dark-coloured bottles. 

Near Gayton the beds become less pure and more felspathic, a] 
arc used for inferior glass and also for furnace-hearths. Similes, 
beds occur to the north-east of Gayton, and vary from 30 to 40 ft 
in thickness ; they are covered by Glacial Drift, and are used fo 
bottle glass. 

The best portions of the Lynn sand are approximately equi- 
valent to the Dutch and Belgian glass - sands imported into this 
country. 

At Hartwecl, near Aylesbury, Buckinghamshire, the Lower 
Greensand bods are worked for glass-making. To the west of 
Aylesbury, at Stone, the sand is very pure and white, and occurs 
in a bed about 18 ft. in thickness, the sand being broken by inter- 
stratiliod seams of peaty and ferruginous material which make 
working somewhat difficult. This sand is largely used in the manu- 
facture of flint glass. The best qualities of sand from Aylesbury in 
Ihickinghamshire are equal to, though of less extent than, the 
Fontainebleau sand, and are among the best glass-sands in the 
c'.ountry. In some y)laces in Buckinghamshire these beds have lost 
their sandy nature and have been cemented into a hard rock. 

To tlu^ north the Greensand occupies a long straggling area 
from Grassby and (iaister to Spilsby and Alford in Lincolnshire. 

In Ireland the Hibernian Greensand corresponds to the Lower 
and MiddUi (!halk beds of England, and consists of green and yellow 
glamtonitic. sands with beds of grey marl and chert, the sands in 
some plac.es weathering to a red colour These beds vary in thick- 
ness from 10 ft. near Larne to 80 ft. near Belfast. 

Th(^ Gault whieli se]nirates the Upper and Lower Greensands is 
of no importamie as a source of sand, as it cjonsi.sts, for the most 
part, of a stiff l)lack or dark blue clay of marine origin. It is 
occfisiomilly sandy and calcareous, and u.suaily contains nodul(%s of 
pyrit(\s, marcasite, and phosphate of liim^ ; layers of greensand and 
s(p)taria also occui'. 

The Chalk formation occupies a large area, ])articularly in the 
south of England, but it is unimportant as a source of sand, no 
noteworthy amount of commercial sand being obtained from it. 


TERTIARY SYSTEM 

The Tertiary System includes all the materials deposited after 
the (fhalk and before the Glacial Drift. These deposits are usually 
well defined, some being of marine and others of fresh-water origin, 
and of somewhat loose texture. They consist chiefly of clays and 
sands, with sandstones, grits, and marls as accessories. They may 
be arranged as shown in Table VIII. 
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Table VIII. — Tertiary System 

Mammaliferous Crag of Norfolk and Suffolk. Rod Crag 
of Norfolk and. Suffolk. Coralline Crag. 

Supposed, on nr.li'ivndo'or'r- i’ grounds, not to bo repre- 
sented by auj ' i‘ Ml- lb. I 'ii strata unless the leaf beclH 
of Mull, the lignites of Antrim, and the lignites of Bovey 
Tracey in Devonshii'e belong to thi.s period. This is 
extremely doubtful. 

Hamstead Bods, Bembridge Bods, Osborne Beds, Headon 
Beds. 

Barton Beds, Bracklesham Bods, Bagshot Beds, London 
Clay Beds, Oldhaven and Blackhenth Beds, Woolwich 
and Beading Beds, Bognor Bods, Tlianet Beds. 


In England the Tertiary rocks have suffered no internal change 
from igneous action, though they have been ranch displaced since 
their formation ; they now chiefly occupy the basins of London and 
Hampshire, and are represented by the steeply inclined strata of 
the Isle of Wight. 

The Eocene strata are very important as a source of sands, 
many of the beds yielding valuable deposits. They may be divided, 
into two sections, the Upper and Lower Eocene formations, the 
former containing the Bagshot, Bracklesham, and Barton Beds, and 
the latter the Thanet, Bognor, Woolwich and Reading, Oldhaven 
and Blackheath Beds, and the London Clay. These beds are 
included in the London and Hampshire basins, which commence on 
one side on the northern coast of Suffolk and pursue an irregular 
course in a south-westerly direction through Hertford (St. Albans), 
Essex, Kent, Surrey, and South Middlesex, Buckinghamshire to 
Berkshire (Windsor and Reading), and Hampshire. The beds also 
extend south-east from Gharminstcr (Dorset) and north-east along 
the edge of the Upper Eocene, which lies over thou, through (Van- 
bourne, Downton (with an outlier at Salisbury) to Tychcrlcy, tlum 
south-east through Bishops Waltham, Bursl'cclon, Earadiain, J’oi-- 
chester, Poi'tsea, Havant, Chichester, Arundel, and Woi-tliiiig to 
St. Lancing. Several outliers occur at Scaford. A nari-ow sti'ip 
(L mile wide) lies across the Isle of Wight from the NetKlles to Cbilv(n- 
Cliffs. Commencing with several outliers at Gi'cat Bedwin, tla^ 
beds also extend south of Hungerford, eastwards through South 
Berkshire and North Hampshire (with large outliers at Great Fawloy, 
Winterbourne, Chieveley, Bradficld, Reading, Mapledurluim, Slii])- 
lake, and Wargrave) to Windsor, Beaconslield, with outliers at 
Turvillo, Taplow, Rickmansworth, Chosham, Abbots Langley, 
St. Albans, Uxbridge, through the greater jjart of Middlesex t() 
Hertford. There are further outliers at Digswell, Dutch worth, 
and Saeombe. 

Almost the whole of Essex, except the coast and the chief 
river valleys, is of this formation, as is also North Kent. In the; 
last-named county, however, the main mass ends at Dartford, 
and the remainder consists of a series of irregular areas, all of 
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which arc to the north of the railway line from London to 
Canttu'bury. 

T(_) the north of Essex the formation continues into Suffolk 
through Sudbury, Hadleigh, and Ipswich. South and east of 
l|)swu!h the formation becomes straggling and much overlain with 
Pliocene deposits, until it ends at Woodbridge and Orford. 

The Thanet Beds consist chiefly of fine sands and clayey sands 
of mai'ine origin, together with lignite, pebbles, coloured clays, 
shingle, and loam, with beds of rolled flint and marine shells. 
They nowhere exceed 60-80 ft. in thickness, and decrease west- 
wards. As their name implies, they are well developed in the 
Isk^ of Thanet and in the northern part of Kent. In east Kent 
they ])ass downwards into tliin beds of loamy clay, and in some parts 
to a sandy marl. 

At aiiarlton (Kent) the upper parts of the Thanet beds are 
used for bottle glass, whilst the lower part, which rests on the Chalk 
formation, is worked for the famous “ Blaclrfoot ” moulding sand 
(“ Erith sand ”). A similar bed is worked in the vicinity of 
RocJiester for use in bottle glass. 

Between Erith and Cra_^ord the beds are rather thin, but they 
become thicluc again at Ht. Mary Cray, where they arc heavily 
c,ov(U‘c;(l I)y Woolwich beds. 

In l^lssex the 'I'hanct l)cds only occur in the extreme south, 
and in a, thin iiT('gulaf line from Ware to Ipswich. 

'Fowards tlx^ south and west of the London basin the Thanet 
sa,nds beconu^ of small importance, the only valuable outlim-s 
occuri'ing. in Suitc^v, from the south of CVoydon to Beddington 
(wli('j-(' tb(i sand, v\'hi(!h is covered with gravel, is used for making 
sand-liimi bi'icks), and to the south-west of Banstead, at Walton- 
on-llill, Wari'cu !'’arm, and on Mickkdiam Downs. In Berkshire 
tlu'ir |)la.c(^ is taken by a loamy deposit, known geologically as the 
'• basemu'nt Ixal ” of the Beading series. 

ddu' Bognor Beds, whidi oce.ur b('twe(m the Tliaiu't Ixuls and 
tlu' Woolwich a-nd Beading .series, eon.si.st chiefly of marine loams, 
and are not of importaaiee as souiax's of sand, though tlu' sand 
in tlnmi is valuabki as a (U)nstituent of the mabulal u.sed for bi'iek- 


making. 

The Woolwich and Reading Beds eomi)ri.se a series of coloured 
sands, |)(d)bI(‘S, and mottk'd clays of V(wy irregular character. 
At Beading a, ml in the Hampshire basin th(\v are maiidy of fresh- 
water origin, but (sist of London tlu'y also contain e.stuaro-marinc 
remains, i’hey appt'ai' to have been deposited by a gr(‘at river 
diseharging into tlu^ Eoeem^ sea near Woolwich, tlu' <>,stuary being 
occupied att('rnat('l v bv fresli and .salt water. A.s tlu' beds are 
traced wc'stward they show increasing (evidence' of fresh-water 
oi'igin, whilst eastward they become of an increa.singly marine 
naturcu The.s(^ beds are most noticeable in the neighbourhood 
of th(i towns whos(^ name they bear. The sands and loams of this 
formation arc vahu^d as additions to the fat clays from the same 
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beds wMch are used for the production of high-class tiles and 
terra-cotta. 

The Woolwich and Reading beds consist of : 

(1) Alternating layers of sand and grey clay rich in fossil 

remains, 

(2) False-bedded sands rich in marine fossils. 

(3) Reddish mottled plastic clays devoid of fossils. 

The Woolwich bods are far less extensive than the Reading 
beds, and whilst well developed at Charlton, near Chislehnrst, 
and Upnor, near Rochester, they are not found farther west than 
Croydon. .Eastwards they develop into the Oldhaven-Blackhcath 
series, and are thickly covered with buff and white sands. 

Over the whole of Middlesex, Reading beds occur beneath the 
London clay. 

In Suffolk the Reading beds consisting of fine sands and loams 
are valued in brick-making, being mixed with the highly plastic 
London clay, and in some cases used alone. The buff Reading 
sands of Norfolk and Suffolk and Essex have been suggested for 
glass -making, but have not as yet been used for this purpose to 
any great extent. 

Between North Mimms and Hatfield Bark the Reading beds 
are about 23 ft. thick, and are covered by 7 ft. of loam, 20 ft. of 
London clay, and several feet of gravel. Between Aldenham and 
Radlett the beds are sandy and laminated. Near .Rickm answer th, 
Watford, Hatfield, and Hertford the Reading beds overlie the Chalk. 
In some places the sand and pebble beds are cemented into a hard 
rock. Between Riclqnansworth and Harefield the Reading beds 
lie on the higher ground, though with a straggling outcrop, and 
run northwards on the hill-sides. Near Perry’s and Moor Park 
there is a largo patch of Reading bods (about two and a half miles 
long) which (unlike most of the formation of the district) is entirely 
free from a capping of London clay. 

A little farther south, at Harefield, the Reading beds consist 
of 8 ft. of grey loam and 15 ft. of mottled grey and red clay, with 
alternate layers of sand and clay beneath, but the layers vary 
considerably in thickness. 

Somewhat farther we.st, and immediately south of Amersham, 
two outliers of Reading beds occur. To the east of Chalfont 
St. Giles several other outliers of Reading beds again crop out. 
The Reading series is remarkably well developed around 
Beaconsfield, though much covered with gravel in j)laces, except 
in the south, as at Hedsor, Brook End, and near Poyle, and inter- 
mediately at Plickenham. 

Still farther south — between Mumford and Edgerley Hill, and 
ex]3anding to both east and west — the Reading beds are extensively 
exposed, and, near Pledgerley, are about 30 ft. thick. 

Reading beds occur to the south-east of Salisbury, round 
Clarendon Hill and Downton and near Great Bedwin, whilst near 
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the New Forest they are overlain by Bagshot beds. Reading beds 
occur in the north of Hampshire, extending from Farnborough to 
Silchester and westwards to Kingsclere. They also occur to the 
south of Winchester. In' the Hampshire basin the sands are 
practically absent, only the clays being present. 

In Sussex the Reading beds which occur at Newhaven and to 
the west of Brighton are concealed by the Coombe rock. 

South of London the Reading beds are covered ; they were 
formerly accessible on the north and west of Croydon, but building 
operations have stopped their use near this town. From a line 
joining Hog’s Back, Merrow Downs, Great and Little Bookham, 
Ashtead, Epsom, and Ewell, the beds run in a southerly direction. 
Near Leatherhead, Ashtead, and Epsom the beds consist chiefly 
of a kind of sandy loam, which is used for gasworks refractory 
materials. There is a large outlier at Knowle Hill and to the south- 
west of Banstead at Walton-on-the-Hill, Warren Farm, and on 
Mickleham Downs the beds overlie the Thanet sands. The 
Woolwich and Reading beds run almost due north and south at 
Epsom, and swell out to a thickness of many feet in one locality, 
yet decrease rapidly in another. At Ewell there is about 20 ft. 
of clay and 10 ft. of sand, but, as already noted, the beds may vary 
considerably in thickness in other parts of the same district. 

In the disti-ict round Aldershot the Reading beds crop out in 
a iiai'i’ow band, I'unning east and west about a mile from Weyburn 
and Tongham. 

In IhuFsliirt^ the Reading beds usually lie too far below the 
Jjondon clay to bo available, except for an inliei- near Mount 
Senpput to tlui south of Maidenhead, which brings them to the 
surface, wluu'o tliey consist of light and bufl-coloiired sands showing 
obli(pie laminatioji, with irregular beds and lenticular masses of 
mottlcHl (days. 

Tlu' grcuitcst devdopments of the Reading beds are in the 
imnu'diate neighbourhood of Reading, though their extension 
fartluu- w('st to Huugei'ford and Marlborough is important. Tlu^ 
sands are vaJuable, and a, re largely used, togedher with the clays 
found in th(( same district, for briedes, tiles, linials, and monkh'd 
tca'ra-e.otta works, (dx;., the (iombination forming one of the best 
j'C'd-burning materials in the country. The main mass lies to tlu' 
('ast, W(>st, and soutli-we.st of the town, but large' outlii'cs occur 
on the. chalk downs to the nortli at Gaversham Park, ('hau.se Jde'ath, 
Rotlu'rfit'ld, Peppard, and between Whitehurch and Woodecke. 
Fai’ther to the east of tlu' town of Reading tlu^ beds are thic-ker, 
but of little' value. I’he beds usually have a su2)crli(dal covering 
of gravel. 

Although th(' general characters of the diflert'iit beds are 
tolerably constant, they vary continually within small limits. 
Gwing to this great variety each stratum must be kept distinct 
when working these deposits. 

Around Marlborough the Reading beds lie in patches on the 
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lighest ridges on the chalk downs, and form the remnants of the 
nain Reading beds which once covered the Chalk. In Marlborough 
Eorest the beds are too thin and too disturbed to bo valuable. 

The Oldhaven and Blaekheath Beds form bands of sands and 
pebbles. They occur near Blaekheath, Bromley, and near Old- 
haven Gap east of Herne Bay, but are of small coinmcreial 
value. 

The London Clay contains no commercially useful beds of sand, 
but that which is mixed or stratified with it is of considerable 
value in brick-making, the clay alone being much too plastic to 
make satisfactory bricks. In some small areas, as at Watford 
Heath, the London clay overlies IG ft, of clean sand, and at Harrow 
it is capped by Bagshot sands. 

The Upper Eocene Beds, consisting of the Barton, Bracklesham, 
and Bagshot beds, lie above the London clay, and occupy an area 
from Chertsey and Weybridge west towards Woking, Aldershot, 
Chobham, Bagshot, Ascot, and Sandhurst, and again between 
Reading, Newbury, and Kingsclere. In the Hampshire basin 
these beds occur over much of the New Eorest and west to Waroham, 
and extend in a narrow strip right across the Isle of Wight. Thesci 
beds are chiefly comprised in two large areas : (a) tire London 
basin, which is enclosed in a triangle, two of whose sides are formed 
by two lines drawn from a point twenty miles west of Reading, 
one passing through Norwich and the other through Canterbury ; 
(6) the Hampshire basin, which comprises the Isle of Wight ami 
a triangular area extending on the north to Salisbury, on the west 
to Dorchester, and east to Newhaven. Unfoi'tunately, the sands 
in this large area are of small commercial value, as the beds are 
small and the sands very impure. 

The Bagshot Beds form the lowest strata of the Ui)])er Eocene 
formation and lie noi'inally above the London clay, but are less 
widely distributed. The main mass of this formation occui)i(\s 
a large area bounded by Aldershot, Winchfltild, Eversl(\y, Woking- 
ham, Ascot, Chertsey, Weybridge, Woking, and Ash, whilst smalku’ 
patches occur between Reading, Newbury, and Kingsclere. In tlui 
Hampshii’e area the Bagshot sands extend over the New Eorest 
and westwards to Warcham, and across to the oast of the Isle of 
Wight. The Bagshot beds also occur in the New Eorest round 
Bournemouth. Though known as sands, tlu^y a, re rich in clays 
of a loamy character, and the more sandy ])or’tions are excellent 
for mixing with the tougher London clay, but have little dircai', 
commercial value. 

In Essex the Bagshot series are limited to outlier’s near Bi'cnt- 
wood, Rayleigh, east of Epping, Highbeech, Laingdon Hill, and a 
few smaller patches. The outlier extending i'r(nn north of Rayleigh 
to just south of Hadleigh and south-west to Benflect is of a very 
irregidar shape. Around Hadleigh it is covered with jrcbbly 
gravel, but the remainder is practically free. 

Bagshot sands form caps to the hills of Harrow, Hamstead, and 
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Highgate. At Finchley and Hendon cappings of boiddor clay, sand, 
and gravel occur. 

In Surrey, to the south of Esher, the Bagshot sands crop out on 
the higher ground, and are valuable deioosits, though, used only to 
a limited extent. In this district the area they cover is a rough 
triangle, with its apices at Esher, Ookshot Street, and (Jobham. 
The Lower Bagshot beds consist chiefly of fine yellow elayc'y sands, 
with irregular beds of multicoloured clay especially abundant near 
Woking, Horsley, and Eghain. They are also well developed to the 
east and south of Weybridge, but arc^ much eovonal with gravoL- 
At St. George’s Hill and Weybridge the Bagshot btals are very ))ale 
and comparatively pure. It is ])ossible that they might be used 
for glass-making and for the hearths of opeii-heartli furnaces. 

There is a small outlier of Bagshot sand at Wimbledon. 

The Middle Bagshot beds in this district are less argillaceous, 
the clays being very sandy, and towards Winchfield they gradually 
thin off. They are covered by thick beds of Gre(uisand. 

Middle Bagshot beds are also prominent on the high ground forming 
St. George’s Hill and lied Hill. 

The Bagshot beds are most cx)ns])icuous in th.e distrieff from 
which they derive their name, lying bctwcHUi Asciot and W()l<it)g 
and extending north-westwards beyond Bracknell. Ilcce ttu' lowcu' 
beds consist chicliy of a sandy loam whicli is largely uscmI in brick- 
making. 

Around Aldershot the Lower Bagshot lauls rim in a north- 
easterly dii'c.ction and westward to tlu'. Hoi'iu'. a.nd Lwsholt. To 
tlu^ west of Aldershot the Uppm* Bagshot Ixsls eonsisl, largely of 
sand ; the Middle', Bagshot beds ai'e well (h'vidopi'd to tin' noidh- 
east and north-wi^st of Ahhwshot, beyond an outlii'r of Idppi'r 
Bagshot sand. Thi^ beds consist of altiu-nating layi'i’s of thin clay 
and good sand, and extimd wi'stwards towai'ds (Vooklmm. At 
Fordingbridge, in West Hampshiri', tlie lia.gsbot sands a-ri' white, 
gmy, or (;olour('d, and ari' assoeiakxl with pi'at. Wbil,(' Ibigsbot, 
sands a,rc' also worki'd in tlu', lU'igli boiirhood of Lv'ininglon and 
Broidcenhurst in Hampshiu'. Near I\1a.rlborough, on the ('.xtrenu^ 
(md of tlu'. London liasin, liagshot sa.nds eov(‘r t-lu' outcrop of 
lliaiding Ixxls Ixitween Oai'c and Ifuckli'liury. Tlu'v art' nioi'c fully 
devt'loped i,o thtt south of the river, a.nd consist largt'ly of fusiitle 
(day(\v saaids. U|)])('r Ihigshot Ix'ds ea,pp('d by gravel occur from 
Fasthampstt'ad Plain southwai'ds to tint furtlu'r t'lid of (liobhain 
llidgc' and westwiirds to Iklgeliurrow liill, with thrt'c pt'rmaiu'iil, 
outlii'i's -one at Dukeds Hill and tiu' otht'rs on Ibigshot llt'a-fh. 
They Ciontain very littht clay exci^pt in a ft'w portions wbt'rt' 
sandy “ I'ubber bi'ieks " art' made. 

(South and west of Wokingham tlu' Middh' a,nd Lowt'r Bagshot 
beds are also extensive, and tlie town itst'lf is built on an outlier of 
the latter. The, LTjiper Bagshot bt'ds ai'c vt'iy st'anty in this 
district. Eastwards towards Windsor the Bagshot licds pass 
gradually into the London clay, and are frotpiently capjied with a 
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stony deposit. The Upper and Middle Bagshot beds are the most 
sandy— the Lower beds containing more clay, including the famous 
IDorset ball clays, which are associated with beds of sand of varying 
thickness. 

Kaolin-bearing sands containing a large amount of tourmaline 
occur, associated with ball clays and lignites, in the Bovey basin, 
Devonshire, where they are worked for refractory purposes. South 
of Torrington in North Devon, clayey sands which occur in associa- 
tion with peaty clay are also worked for refractory purposes. 

The Bracklesham Beds occur on the east and west of the Isle 
of Wight, and consist chiefly of sands, marls, and loams, together 
with lignite beds. They contain no beds of sand of commercial 
importance. At the western end of the Bracklesham. beds both 
they and the Lower Bagshot beds are very sandy, and there is little 
to distinguish the two. 

The Barton Beds may belong either to the Eocene or Oligocene 
formation, as there is very little distinction in this country between 
the Eocene and Oligocene beds. They are similar to the Brackles- 
ham beds of the Isle of Wight, and occur extensively as loams in 
Hampshire and north-western Surrey. They are well developed 
between Lymington and Christchurch, near Portsmouth and 
Gosport, round Southampton, and in the Bagshot district. Like 
the Bracklesham beds, they contain few beds of sand of commercial 
importance, but some portions are useful for building and foundry 
work, and at Longtown, near Southampton, the Barton beds (15 ft. 
thick) have been worked for glass sand for many years. 

The Oligocene formation occurs in the north of the Isle of Wight 
and on the Hampshire coast. It consists of fresh-water and marine 
limestones, and clays which are grouped as the Headon, Osborne, 
Bembridge, and Hamstead beds. The Bembridge beds contain 
intervening layers of sand, but they are not of great importance. 
The Osborne series contains various beds of calcareous sands inter- 
stratified between shales and marls, but the formation is very 
irregular and of little value. The Headon beds consist of clays, 
marls, and sands, with occasional beds of limestone and seams of 
lignite. 

In the Headon beds are some very useful sands, the most 
important being the Headon Hill sands which occur in Alum Bay, 
Isle of Wight, and to the south-west of Yarmouth, where they are 
associated with beds of lignite and contaminated by ferruginous 
matter. These sands have been used for glass-making in the past, 
though not at present. Similar deposits occur on the opposite side 
of the Isle of Wight in Whitecliff Bay, but they are neither so pure 
nor so useful. 

On the Continent the Upper Oligocene formation near Paris 
yields the famous Pontainebleau sand, which occurs in association 
with lignites. 

The Miocene formation is supposed to be absent from the British 
strata, but on the Continent this formation contains very valuable 
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deposits of sand associated with brannkohle. The famous Lippe 
sand, which is largely used for gla8s-m.aldng and for silica ware, 
belongs to this formation, and occurs at various places in Germany, 
including Dorentrup in Saxony. A similar deposit, known as the 
Hohenbocke sand, occurs at Hohenbocke in Prussia, and is also of 
Miocene age. 

The Pliocene or Crag Series consists of shelly sands and gravels, 
with occasional beds of shallow marine clays interstratified between 
thorn. It is divided into three portions, as shown in Table IX. 

Table IX. — Plioobnb Fobmation 

A. Mammalifei'ous Crag of Norfolk and Suffolk. 

(a) Forest Bed of Cromer. 

(b) Weybourne Crag. 

(c) Chillesford Crag. 

(d) Norwich Crag. 

B. .Red Crag of Norfolk and Suffolk. 

C. Coralline Crag. 

The Coralline Crag consists chiefly of shells and polyzoa in 
calcareous sand, or it may be compact, forming flaggy beds of 
limestone. In some places it ];)asses into indurated beds of cal- 
careous sandstono from which the shells have been for the most 
part dissolved away. 

Th(^ lied ( 'rag c(.)nsistH of a deep fei'ruginous shelly sand together 
with loam. It contains an abundance of marine shells ; many of 
them havci been rolled and comminuted. It occurs at Walton-on- 
th(^-Nazc and over a great ])art of (taster n Suffolk, from Felixstowe 
to Ald(d)urgh. The upper part of the Red Crag beyond Aldeburgh 
])ass('s into a pale shelly sand and gravel, which, togethei' with newer 
d(^])osits of like charactei', are grouped as the Norwich ( Vag series 
or Mammalil'ci’ous Crag, which extends from Dunwich to Norwich 
find W(\yb()urn. 

PliocHUU' IxhIs filso occur in pipes in tlu^ Chalk at Lenhfim and 
othei' plfKH's in the. North Downs, in Cronuu' Forest, find filso on the 
c.ofist of Norfolk and Suffolk, but are of no commcM'cifil Vfilue. 

ddie Pliocene sands at St. Frth, (t)rnwfill, provid(^ tlu^ well- 
known (!ornish Red and Cornish Yt^llow moulding sfinds, l)ut the 
deposits fir(^ of very limited extemt find will be worked out in all 
])robfibility within a Inw years. 

Similfir be.ds, |)robably of Pliocime age, occur ncfir St. Agnes 
Bcficon, Cornwall, the best beds occurring below the ivd sand and 
“ candle cbiys." Thc'.y have been used as refrfictory materials, but 
the deposits fire not of large extent and woidd soon become 
exhausted if worked commci’cially. Most of the Pliocene sands of 
this country fii'c very ferruginous and of infei'ior quality. The 
Belgian sands imjforted for glass manufacture are chiefly of Pliocene 
age. 
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POST-PLIOCENE SYSTEM 

Tlie Post-Pliooene System consists of — 

{a) Recent rloposits. 

\b) Glacial bods. 

The Glacial Beds consist of boulder clay or glacial drift clay, 
sand, gravel, and boulders. They form a “ blanket ” over a large 
part of the country, particularly in Northern England, Scotland, 
and Ireland, and are a product of a period known as the Glacial or 
Great Ice Age, when the surface of the land was covered with a 
thick and heavy ice mantle, which in its seaward descent sinootlKal 
and grooved rocks over which it passed, forming the lower bouhb'r 
clay, whilst masses laden with boulders and gravel from otluo- 
regions were dropped on to the surface and carried by the glaciers 
which flowed over the land. When the glaciers melted they left in 
the form of a deposit the material known as Glacial drift or “ boiddc'r 
clay.” This material varies enormously in composition, but is 
readily recognised by the peculiarly marked boulders and other 
stones found in it. Most of the materials removed are carried away 
at the sides and on the surface of the glacier, and when de])OHitod 
form a long irregular ridge or lateral moraine ; some material falls 
through the ice on to the bod, and, with other material occurring 
there, is termed a moraine jirofonde ; the material deposited at 
the end of a glacier is called a terminal moraine. The drift left by 
the ice sheet usually has an undulating surface with mounds and 
depressions, the latter being the sites of earlier lakes or marshes. 
The mounds are composed chiefly of stones, gravel, and sand, with 
some clay. 

Towards the close of the glacial e])och the deposition (rf the 
boulder clay ceased and its denudation began. On the low plateaux 
of the eastern counties it is often succeeded by coarse graveds, 
largely composed of flint more oi* less water-worn. These occasion- 
ally include small intercalations of boidder clay, and have evidcuitly 
been deiived from it, and indicate movement by fairly strong 
currents. fSimilar gi*avels arc found overlying the boulder eJay in 
other ])ai'ts of Pnglaiifl, sometimes at great heights above sea-levcd. 
Occasionally the two are intimately related. Eor instance^ a pit 
on the broad, almost level top of Gogmagog Plills, about 200 ft. 
above sea-level and four miles south of Gambridge, shows a curi’cmt- 
bedded sand and gravel, overlain by a boulder clay, obviously r(!- 
arranged ; while othei- pits in the immediate neighbourhood ex])ost^ 
varieties and mixtures of one or other material. But as truci 
boulcUu- clay occurs in the valley beloAV, these gravels must have 
))een doposittal, and that by rather strong currents, on a hill-to]), 
a thing which seems impossible under anything like existing 
conditions. 

Glacial drift is found alike on upland and vale, especially in the 
Midlands ; but farther south its progress appears to have been 
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barred to some extent by the Ohiltern Hills, and more definitely by 
Edgehill and the Northern Cotswolds, though there is a- large' trac't 
of boulder elay between Dunmow and Epping, with an a|)parent 
extension southwards to Hornchurch, where it lie's below tlic' 
Thames gravel. This drift covers the greater part of Laneasldre 
and Yorkshire; it is well seen in cliffs at Blackpool, Eilejy, aiiel, 
Withernsea. The drift above the Lias rocks occupk'S the c'astern 
])art of Leicestershire. The drift of the Midlands ce)nsistH of gravel 
beds and gritty loam. In Yorkshire, bods of sand and grav('l 
so))a]'ate the more claye.y portions of the glacial drift. In the' north 
of Lincolnshire glacial drift occurs plentifully, with much glae'ial 
sand. 

Norfolk is largely covered by boulder clay, except in the' wc'st ; 
and the same material is scattered irregidarly over tSuffolk. Nortli- 
east Norfolk has many fertile loams, with lighter lands of saiid, 
gravel, and marl. The drift also covers much of Warwic'kshirc' 
and most of East Shropshire, but it is absent in Oxfordshire', oxeic'pt 
on the north-eastern border where it joins Buckinghamshire'. 

In the Welsh valleys much gravel is mixed with the' drift. 

In Scotland the drift is very extensive in Aberele'emshire, 
])articndarly in the east, where it is freejuently me)re' than 100 It. 
thick. It also occurs extensively in Banffshire, Bute', ( hithiu'ss, 
Dumfriesshire, Mielh'thian, Eife, Invc'rnt'ss -shire, Ik'rthshire', anel, 
in she)rt, all e)ver Sce)tlanel. 

Irelanel fornu'el the we;stern bounelary e)f the Biltish glaelal 
elril't, but alse) appeal's te) have been the centre e)f ane)t lie'i' ie-e'-she'e>t, 
ra-eliating fre>m Fermanagh. The e'ast anel eieuitral portiejiis e)l 
Ii'e'lanel are' e'xtciisive'ly covered by drift up te) 100 ft. aaiel me)r(' 
in iJiie'kne'ss, whieli ('e)ntains very little c.la.,\’, being a,lme)st wholly 
e'e)mpe)se'el e)f silt, saiiel, gravel, anel ste)neNS. The' (h'e'e'ii Hills or 
“ Fske'i's ” in the' ce'iitral plain ai'c entire'ly e'e)ni pe)se'el e)f sanel and 
grave'l. 

Tlu'i'e' has he'e'ii imu'h elenuelatie)!) siiU'c the' elrift was first spre'jul 
e)ve'r the' hinel, as valleys have' be'e'U se'e)e)])e'el thre)ngh it, separating 
it inte) e'utlying masse's. 

ddu' elrift is e'fte'ii elivieleel inte> iwe) ])arts, the' Hppi'i' and Lov'e-r. 
The' le)we'i' drift e‘e)usists large'ly e)f e-lay e-e)ntahnng be'ideh'i's, ve if h 
little' sanel anel gravt'l ; whilst the' u])pe'r be'eis ce'ctafn ve-ry liHlc 
e'lay anel lew be)nlele'rs, l)nt e'e)nsist large-ly e'f gi'ave'l, sanel, and silt, 
d’lu'se' u|)pe'r heels are' pre)bably elc'rive'el fre)m a. I'e'ari'ioige'ine'nt 
e)f the' le)we'r e'lie'S. 

Glae'ial eh'if't ele)e's ne)t ])ay te) treat nu'clninie'idly in e)rele‘i' (.o 
se'pai'ate the' sanel fre)m the e)ther mate'rials. All that e'a-n be' eh)ne' 
is te) e'e)n(ine' the workings te) the me)re' sanely ])e)rtie)nH e)f Hie' eie'pe)sit. 
Ee)r this reasem a largo [iropeirtion e)f the' elrift is of no (u)ntini'i'ciiil 
value' as a se)urc'e of sand, but seime e)f it is nsc'fnl. Thus the' 
glacial sands of Lancashire between St. He'lems a,nel Onnskirk, 
at Crank, Roe)kery, Rainford, Kings Moss, iSke'lmcrselale', e'te'., ace' 
worked to a depth of about 4 ft. The sands arc breiwnish in e'e)le)nr, 
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and contain much peaty matter ; they are suitable for common 
bottle glass and for the production of scouring soap. 

Fairly pure glacial sands also occur at Carstairs Karnes, near 
Glasgow, Parrock Hall, north of Barrow-in-Furness, and at Harring- 
ton and Workington (Cumberland) ; they are worked for pig- bed 
sand. Glacial sands occur in Durham, forming with various loams 
a bed about 60 ft. thick, the top and bottom portions containing 
the best sand. Glacial sand and gravel forms a low ridge to the 
south of Beighton, near Sheffield, where it is worked as moulding 
sand.. Similar beds also occur round Mansfield. Small deposits 
of commercially useful glacial sand also occur in various other 
localities, but are not of great importance. Glacial sands arc 
worked at Benthain (Yorks.) for moulding sand, and also at Heck, 
near Selby, for concrete and building j)urposes. 

The Bridlington sands occur at the base of the boulder clay 
at ’Bridlington, and consist of particles of argillaceous greensands 
somewhat shelly and rather thin. They have apparently been 
detached from an older bed. They have been used as building 
sand, but are not very suitable for this purpose. The glacial sands 
round Carmarthen are loamy and somewhat micaceous. In colour 
they are yellow, buff, or grey, and contain minerals similar to the 
Lower Pliocene sands of Cornwall. These sands are used for 
building purposes. Some of the glacial deposits of Shropshire 
are worked for moulding sand. Drift deposits of sand and gravels 
and boulder clay partially cover the Lias and New Bed Sandstone 
of Warwickshire, the Chalk in Central Norfolk, and also to soirie 
extent in the west of the county. At Gorleston and other places 
shells are found in abundance in the sand. They also overlies 
the Crag Rocks at Kensingland and Pakofiekl, and to the north 
of Lowestoft in Suffolk. In Suffolk they also occur at Sudbury 
and Ipswich. At the latter place they are worked for steel- 
moulding sands, and have been suggested by Boswell as suitable 
for furnace hearths. 

Sands occur in the drift deposits which cover a largo part of 
Ireland, the sands frequently containing considerable (|uantities 
of marine shells. The “ manure gravels ” of Wexford belong to 
this class. 

The Recent or Post-Tertiary deposits include all those which 
have been formed since the ” drift,” and include the products 
formed by the action of the weather on many of the older rocks. 
They cannot be classified according to their position, but are 
preferably arranged according to the chief agent concerned in 
their origin, as is done in Table X. 


Table X. — Recent Deposits 

(a) Accumulations of sand, gravel, and alluvial silt in river valleys. (Sec 

Alluvium, Chapter III.) ^ 

(b) Terraces of gravel etc., in valleys, marking former water-levels. High- 

level and low-level gravels. ^ 
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(c) Deposits of sand, silt, shell-beds, and vegetable drift in estuaries, form- 
ing deltas. 

{(L) Aneient deltaic deposits, forming alluvial plains, carses, etc., partly of 
fresh-water and partly of marine origin. 

(c) Lacustrine accumxilations now in progress. 

(/) Lacustrine or lake silts filling up ancient lakes. 

(l7) Shell and. clay marl formed in ancient lake basins. 

{h) Littoral silts, sand-drift, shingle beaches, etc. ; raised or ancient 
l)Bachea ; submerged forests. 

{%) Pelagic or deep-sea deposits and accumiilations, as foraminiferal ooze, 
red-clay, burden of icebergs, etc. 

{j) Calcareous deposits, as calc-tr^, travertin, etc. 

{k) Siliceous deposits, as siliceous sinter, etc. 

\l) Saline and sulphurous deposits from hot springs, volcanoes, etc. 

(to) Bituminous exudations, as pitch-lakes and the like. 

{n) Vegetable matter, peat-mosses, jungle growth, vegetable drift. 

(o) Animal matter, shell-beds, coral-reefs, osseous breccia, etc. 

(p) Soils — admixtures of vegetable and animal matters. 

(g) Elevations and depressions caused by earthquakes. 

(r) Displacements produced by volcanic eruption. 

{a) Discharges of lava, scoriae, dust, and other matters. 

(t) Aerial or wind-blown deposits, as the sand-dunes of the Lancashire and 
other coasts, and the material deposited under desert conditions. 


The most important sands in these superficial deposits are the 
dune and shore sands. The shore sands of Britain are generally 
ratlu^r inijjui’c, and vary in colour from pale grey to dark brown. 
Tile purest are found (in the Isle of Jura, which are produced by 
tlu'. disintegration of Dalradian (piartzites. There are also a 
number of fairly pure shore and dune sands in Ireland, the jirincipal 
ones being at Ardara (Co. Donegal), Ballycastle (Co. Antrim), 
(ioalisland (Ix)ugh Neagh), the shores of the river Foyle, Millisle 
(Co. Down), Portrush (Co. Antrim), Rosslaro (Co. Wicklow), (Sandy- 
mount Strand (Dublin), Hilver fStrand (near Wicklow), and Sutton 
(near Dublin), whilst other fairly [lure dune and shore sands have 
Iku'I) inpoi'ted at Montrose^, Ab(>rdeen, Culbin, Bamburgh, Hartle- 
pool, Blyth, and Lowestoft. There are many other deposits, too 
numerous to name, of less(^r jiurity which occnir all round the coasts 
of Cr(‘at Britain. 

Th(5 dune and shore sands in this country are usually ferruginous 
('.xeiqit wluu-e they have beam derived from the disintegration of 
SOUK' of tlui pur(U' ([uartzites or sandstones. The purest dune 
and shoi'(' sands are used in some eases for glass-making. J ho 
li'ish sands mentioned above have been usc'd for this purpose, as 
also has the dura sand. Only inferior qualities of glass, such as 
common bottle glass, can, however, be made from most shore sands, 
though the dura sand may be suitable for better-class goods. 

The shores sand at Bwamsea has been used for the hearths of 
(!023per-sinolting furnaces. 

The less pure sands are used for a variety of purposes, including 
building, concrete, etc. 

Some of the shelly shore sands have been used for dressing 
land. Metalliferous shore sands occur in many parts of the world, 
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and are valuable for the minerals they contain. Further informa- 
tion on shore and blown sands will be found under their respectivci 
headings in the next chapter. 

Many river sands of recent age are dredged for various purposes. 
The Thames sand is used for concrete -making, brick-making, and 
as a moulding sand for casting iron. The sands of 3nany other 
rivers are also used for similar purposes. 


CHAPTER HI 

THE CHIEF CHARACTERISTICS OF VARIOUS SANDS 

In tliiH chapter the , sands, and rocks from which sands are derived, 
are arranged alphabetically, the characteiistics of each material 
being bric^fly indicated. This arrangement is more convenient 
than any other with regard to many of these jnaterials. 

Abrasive Sands arc used for grinding and polisJiing various 
materials. At oiu'. time only natural sands were used as abrasives, 
but they have been largely replaced by artificial sands, produced 
by crushing (Mucry. or tlie various artificial al)rasiv(\s such as 
carborundum, (u)ruudum, etc,. Many of these artificial sands are 
known by trader uamc^s. (See also (Jarhonmdum, p. Sfi, and 
(U)nindHm, p. !),*{.) 

Abyssal Sands ar(' (^xt(msiv(^ masses of fine detrital material 
pi'oduced originally at grcait depths in tlu^ sea, by om* or all of tlu' 
following proc-(\ss('s ; 

(a) d’ra-nspoi't.ot imih'riaJ from the land to tlu' sea, and (h'position 
in tin' laf, t,('r. 

(/;) Deposition of caleai'eons, silic(M)Us, and oIIkm' mah'rials 
(including the dead casfs of shellfish, organisms) fi'om sea-watei'. 

(r) I fc'.position of matc'i'ial prodiuaal b_\' subterraiuain volcanic 
crupf.ions, (d.c., a,nd f.hi'own into thc^ .sea. 

'TIk' abyssal deposits usinilly consist of \'cfy minute particles. 
Their composition is ('xtremcly variable, though often very constant, 
ov('i' relatively large' ar('a,s. Deposits which ar(' at present covered 
by a, sulliei(mt (h^pth of wah'r to be eori-(‘etly termed '■ abyssal 
a,r(' of no eomiiK'reial va,lu(', as they a,r(' almost iiuieeessibk'. 

Adobe is a, T'l'in us('d for a, sandy nuiterial, sonu'times containing 
a (U)nsid('ra,bl<^ proportion of clay, which oeeui's in tlu' plains and 
basins of the \V(^st('rn >Sta,t('S of North America, and in sonu^ of tlu' 
arid pa,rts of South Anu'i'ica, and is v('ry similar to tlu' "loess” 
of Dnrop(^ and Asia,. It is probably of fiuviatik^ origin, though 
possibly partly due to a(a)lian action. It is not found to any grt'at 
extent' in this country. This " adobe” should not be confused 
with the adoha uscal in the (tounties of Devonshire and Cornwall 
and some parts of Somer.set.shiro foi‘ building ; the lattc-r consists 
of a mixture of clay or earth, stones, straw, and hair. 
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Aeolian Sands, see Blown Bands (p. 82). 

Alluvium is a general term used to denote any material derived 
from pre-existing rocks which has been carried by water from its 
place of origin to an estuary or other situation where the reduction 
of the speed of the water permits deposition. Alluvium occurs 
in deltas, mud-flats, and similar deposits, and the particles may 
be of any size from the finest mud to pebbles ; usually, however, 
it consists of a mixture of silt and sand. 

Alluvial deposits occur very extensively in the east of England, 
in Yorkshire, Lincolnsliire, Cambridgeshire, and Nottinghamshire ; 
also around the Wash and on the coasts of Suffolk, Essex, Kent, 
and Sussex. To the west they are found in Somersetshire and 
Lancashire, but seldom in Wales, except for a small patch to the 
south of the mouth of the Dovey at Llanefelyn and on the northern 
coast of the Bristol Channel between Portskewet and Cardiff. 

Alluvial deposits are sometimes of considerable depth, those 
in the Thames Valley at Tilbury Docks being nearly 60 ft. deep. 

Alluvium frequently contains calcareous matter, the proportion 
varying in different districts, according to the conditions under 
which the deposit was formed. Many alluvial deposits contain 
metalliferous sands. (See Placers, p. 133, and Gem-sands and 
Gravels, p. 112.) 

The material found in vales filled with glacial drift or boulder 
clay is sometimes termed alluvium, though a closer examination 
will show that it is of glacial origin. Hence the term “ alluvium ” 
when used by some writers must be understood as referring to 
superficial deposits as distinct from solid beds, rather than to those 
of definitely alluvial origin. 

Ar^nes are sands produced by the decay of various igneous 
rocks, especially basic rocks such as trap-rock, basalt, etc. They 
are slightly hydraulic, and are similar, though far inferior, to 
pozzuolana (p. 136) and trass (p. 165). Table XI. shows the 
comjrosition of some French arenes. 


TabijE XI. — CHJSMioAt- Composition op AiiSnes 





KtijO,. 

(!a(). 

MkO. 

NiijO. 

TCU). 

St. Astier (Vicat) 

38-54 

20-0 

12-0 

8-0 

ncl. 

nd. 

ncl. 

St. Servan (Vicat) 

42-1 

23-05 

22-47 

trace 


1- 

28 

Chateaiilin (Vicat) 

60-3 

23-7 

10-3 

trace 

2-5 

3- 

2 


Argillaceous Sand, see Clayey Sand (p. 92). 

Asphaltic Sands contain a varying proportion of asphalt or 
natural bitumen. They occur in various parts of the United 
States associated with the usual mineral impurities found in sands, 
chiefly felspar and mica. They contain usually up to about 20 per 
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cent of asphalt, though some contain up to 60 per cent. They 
occur also in Alberta, Canada, Mexico, Cuba, and Trinidad, In 
Europe they occur at Bastennes, France, and Bikar, Austria. 
In Africa deposits occur in southern Nigeria. They are used in 
the •f)reparation of asphaltic pavements and other bituminous 
coverings. 

Backing Sand is the sand which is used to form the greater 
part of the sand moulds used by foundrymen in casting metal. 
It is “ faced ” with a layer of facing sand so as to secure a smooth 
surface on, the castings and to enable the details to be true to the 
desired shape. 

Bagshot Sands are of marine origin, and occur in the upper 
])art of the Eocene formation. Their occurrence has been described 
previously (]). 70). The sands vary in colour in different parts 
of the bods from white to grey or brown. They are seldom pure 
white, though the colour is not always a sign of the presence of 
an excessive proportion of iron compounds, as they frequently 
contain carbonaceous and peaty matter, which discolours them 
but is fairly readily removed by washing or burning. 

The proportion of impurities present varies considerably. In 
some cases as much as 24 per cent may be present, but in other 
localities the purer beds are quite low in impurities. In the 
Bagshot sands at Eordingbridge in Hampshire, according to 
Boswell, the impurities only amount to about I per cent. The 
minerals ])resent eJiiefly consist of fclH])ar, ilmenite, Icucoxcne, 
kyanit('., tourmaline, zircon, and rutile. A little flint is also present 
in sonu^ cases. 

A(!e,or(ling to Die.k,^ the proportion of the various minerals 
pres(mt is a])proximately as follows : 


Quartz . 

. 7.') 

Zirc-.oii . 

. O-f) 

r’cilspar . 

, 20 

RiUiU' . 

. ()-2 

Iroti orus 

2 

'I’ourrtialino . 

. 0-1 

(51 ay 

] 1 

V'ai’iou,s 

. 1-2 


Tli(i proportion of iron present usually ('xcu'eds 2 ])(U' cent in 
the more impuni beds, but is much smaller in ilu' purer oiu's. 

Th(^ b^xtui'c of the sands varies (U)nsid(‘rably in dilhn'c'nt loealitic'S, 
and no geiun-al summary can be made. At Eordingbridge', according 
to Boswell, a.bout H8 pen- ceent of the grains an; bctwc'cn ()-25 and 
O-f) mm. dianudor, whilst the total amount of true sand is about 
Pb-f) pel- (‘('ut. At Longtowii (Hants), how(W('r, ()()-()4 pei- cent 
of the grains are less than ()-2r) mm. diameter, whilst the Lower 
Bagshot sands of the Isle of Wight contain about 76 ])er cent of 
grains between O-l and 0-25 min. diameter, and only about 8 per 
cent over 0-25 mm. 

The ]n-oportion of “ clay ” iirescnt varies considerably, the 
range being generally between nil and 5 ]ier cent. 

The Bagshot sands of Eordingbridge are being developed for 

* Nature, xxxvi. p. 01. 
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the manufacture of glass, and those in the Isle of Wight have been 
used in the past for the same purpose, though they are not at present 
worked. Bagshot beds are also worked for other juirjmscs, such 
as brick -making, building, etc. 

Bann Clay is not a clay but a large deposit of diatom acoous 
earth occurring in association with |)eat in the Bann Valley, south 
of Lough Beg (Co. Antrim, Ireland). It is non-plastic, and is used 
in combination with a stiff clay to make bricks. Deposits of a 
similar nature to this occur at Glen Shira, in Argyllshire ; also a 
little north of Loch Kinnord and in the Isle of Skye. They should 
be regarded as sands and not as clays. 

Barton Sands occur in the Upper Bagshot beds of the Eocene 
formation in Hampshire and the north-western portion of Suri'ey. 
Their occurrence and distribution have been described on p. 72. 

At Longdown, near Southampton, the beds include about 15 ft. 
of a very fine cream-coloured sand containing, according to Boswell, 
95 per cent of silica and only about 0-1 per cent of iron oxide. 
On burning, the colour is changed to brownish. It consists chiefly 
of grains between 0-1 and 0-2^5 mm. diameter, and 1-3 per cent 
of “ dust ” is present, the total amount of true sand varying from 
93 to 98 per cent. There is about 0-8 per cent of heavy detrital 
minerals present, including tourmaline, kyanite, ilmenite, magnetite, 
limonite, zircon, and rutile, with a smaller proportion of epidoto 
and hornblende. Muscovite is very abundant. This material has 
long been used for glass-making. 

Beach Sand, see Shore Sand (p. 157). 

Bituminous Sands are those containing bituminous matter in 
sufficiently large amounts to render it an important constituent. 
Asphalt sands, tar sands, and oil sands belong to this class. 

Biack Sands are so called on account of theii’ colour when 
freshly won. They may owe their colour to various causes, including, 
in some cases, an excessive amount of carbonaceous matter, though 
the colour is usually due to the presence of magncdic; iron oxide 
(magnetite) or other minerals, such as ilmenite, cassitei'ih^ 
manganese dioxide, etc. The pinncipal black sands arc; found in 
the United States, Canada, New Zealand, Africa, Russia, and 
Siberia. 

The so-called “ black sands ” of New Zealand are also rich 
in titanium minerals. 

Black sands frequently contain valuable minerals such as gold, 
platinum, etc. The “ black sand ” of the Rand consists chiefly 
of iron sulphide, together with a paying quantity of gold, small 
quantities of iridium, osmiridium, and, in some ' cases, platinum 
and other metals of the same class. 

Blown or Aeolian Sands are those produced by the action of 
the wind-borne particles on rocks, as described on p. 22. They 
are widely distributed, occurring chiefly in hot, arid regions and 
along the sea-coasts. In this country they occur in many places 
around the coast where there is an expanse of sea sand at low 
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tide ; the wind drifts the material inland, where it becomes 1 
up into dunes, which sometimes rise to a height of 60-80 fu. 
some places, as in Cornwall, much of the blown sand is made 
of comminuted shells ; elsewhere it is mainly quartz sand. 

The chemical composition of blown sands depends to a large 
extent on the original rocks from which they have been derived, 
and the extent to which they have been mixed with other materials 
during their transference from one locality to another. They may 
be derived from almost any rock, and consequently no rule as 
to their composition can be given. A blown sand derived from 
a quartzite or sandstone rock may consist almost wholly of quartz 
grains with very little admixed impurity; but one derived from 
a basic igneous rock may contain much mica and felspathic matter, 
whilst one consisting chiefly of comminuted shells will be largely 
composed of calcium carbonate. Generally, they contain little 
or no organic matter except where they have engulfed a fertile 
region and then receded, carrying some of the decomposed organic 
material along with the sand. 

The colour of blown sands is very variable ; some are pure 
white, whilst others are of all colours, from that of cream to brown 
or even darker shades, according to the impurities present. Most 
blown sands are grey or pale brown. 

The texture of blown sands i.s also variable on account of tln^ 
mixing and re-mixing of the deposits and the frequent changes 
in the s])eed of the wind. The latter causes grains of varying 
sizes and s])eei(K! gravities to be picked up and dropped again 
according to the different velocities at which the wind ti'avels, 
with tlie result that the separation of th(' particles of vaiious sizes 
is not very good unless the sand is subjeu't to some ]>r(n'ailing wind. 

Ae-cording to Boswell, the most uniform blown sands in tin? 
country are those of Abcaxhaui, Montro.se, Bambui’gh, bbirth^pool, 
and Blyth, which contain over bO ])(‘r c(‘nt of grains ladwcsm 
()-2r) and ()-5 mm. diameter, tog(d.h(‘r with 0-5-3-5 peu' cent between) 
0-1 and ()-25 mm. diameter. The ])roportion of the (im^st grains 
in theses sajids is seldom more than 2-5 pea- (umt, exeeept at Alxu'eh'en, 
where the l)lown sand contains 3-5 per e(‘nt of grains h'ss tlian 
O-I mm. dianu'ter. The Ab(wd(s-n sand also has about 2 ))(‘r ceMit 
of grains ovew 0-5 mm. diaimder, and the Blyth sand has 1-3 pcu‘ 
cent. The; blown sands at (hirraeloc (H.o.sslare), Lowe^stoft, Bally- 
castle ((Jo. Antrim), Sutton, Oulbin, and (Joalisland (Lougii Neagli) 
are not (|uite so uniform, tlu^ first four (containing bchAvaam (SO and 
90 ])er cent of grains bedweem. 0-25 and 0-5 mm. dia.met('r, and tine 
last two containing between 70 and 80 i)er (ccuit. Tlu' Sutton 
(Dublin), Lowest(jft, Ballycastle, and (Joalisland sands are rather 
coarse, containing res])cctively 15, lO, 19, and 27 per cent of grains 
over 0-5 mm. diamc^ter. The Culbin sand contains 22 ])er ecnit 
of grains between 0-1 and 0-25 mm. diameter, whilst the Curracha^ 
sand contains nearly 10 ])cr cent. 

Of the various impnirities, the most important are calcium 
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carbonate and iron compounds, though these are not detrimental 
for many purposes. 

The proportion of iron oxide in blown sands is generally fairly 
high, though some of these sands are much purer than others. 

It is a noticeable fact that the heavy detrital impurities in blown 
sands consist of very much smaller grains than the quartz present. 
This is due to the fact that the wind-speed is only able to lift a 
much smaller grain of a “ heavier ” mineral, with the result that 
the heavy minerals are usually concentrated among the iiiuvst 
particles of sand. On the other hand, flaky minerals, such as 
mica, may be carried along in quite large pieces on account of 
the surface they offer to the wind, so that such minerals are oftem 
present in laige grains or flakes. 

Bole is a ferruginous, sandy material of a reddish-brown or 
yellowish colour, containing about 41-47 per cent of silica, 18-25 per 
cent of iron oxide. Its composition is very variable, as it is a 
decomposition product of basaltic rocks. It occurs in relatively 
small quantities in various parts of the country ; that in the north- 
eastern part of Ireland occurs as partings in basaltic sheets, 
associated with lithomarge, bauxite, pisolitic iron-ore, and lignite. 
In Asia Minor a bole containing about 32 per cent of alumina 
is found, whilst in Saxony it is almost free from iron oxide, only 
a trace being present. Bole has been used as a red pigment 
(including that used for tattooing), and in medie.al work as an 
astringent. 

Bort or Boart is a coarse dark-coloured sand, consisting of an 
impure variety of diamond which is imperfectly e.i’ystalline and 
only partially transparent. It often occurs in small masses, which 
are reduced to “ sand ” by (pushing them in a .stoefl mortar. Hori 
is chiefly used as an abrasive l)y layhdaries. (See also Diamcml, p. fXi.) 

Bracklesham Sands cxanir in the U])i)or Bagshot formation, 
(p. 72). They are of grcxiter geological than eommeiv.ial intere.st. 

Breeze is an ai-ti(i(ual sand, consisting of sifted ashes. It is 
largely used in the manufaidure of London “ stock ” bricks, as 
it is non-]flastie, and so renders the ihastie. clays mor(', workahh'.. 
It also aids in the liring of. the bric.ks. (See Vol. If., (!ha]>tcn‘ 1.) 

Brick-moulding Sand is that used in the sand-moulding ])r()e,e!ss 
of brick-making, and also for ])rodiicing a good colour on the face 
of bricks, which would otherwise look unsightly. It is usually 
of a marine or estuarim^ origin, .such as tiie Bagshot beds (j). 70). 
Further particulars I’cgarding tli(>. use of this class of sand will 
be found in Vol. II., Chapter 1. 

Brown Sands usually owe their colour to the presence of iron 
oxide or to carbonaceous matter, such as lignite, or, less frequently, 
to manganese compounds. Thc^ brownish or blackish sandy crust 
on desert rocks called “ veumis du dosort ” usually consists of oxith'.s 
of manganese, left as a residue after the evaporation of the water 
in the rocks, containing salts of these substances in solution. 

Building Sand includes sand used in the manufacture of mortar. 
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concrete, and other materials used in building construction, and 
should always be a highly quartzose sand with sharp angular grains, 
and free from loam or clay, which, if present, must be removed 
before the sand is fit for use. Building sand may be of fiuviatile, 
marine, aeolian, or estuarine origin, but glacial deposits usually 
contain too much clayey material. Where the cost of preparation 
is not excessive, building sand may be produced by crushing sand- 
rocks. (See also Vol. 11., Chapters 11. -V.) 

Bunter Sands occur at the base of the Triassic system, and 
consist of marine and desert deposits, much of the material showing 
evidence of carriage by wind. The occurrence and distribution 
of Bunter sands has already been described (p. 53). 

The sand-bearing materials in this system consist chiefly of 
soft sandstones of various colours, often mottled, and associated 
with clays and dolomites. They have usually a reddish tinge 
on account of the amount of iron present, usually as a thin film 
of haematite over each joarticle of sand or other minerals present. 
In some places they have a slightly greenish tinge, which, according 
to Boswell, is due in all probability to the reduction of the iron 
from the ferric to the ferrous state by decomposing organic matter, 
or to the action of algae, bacteria, etc. 

The proportion of iron oxide varies ; it is sometimes as much 
as () per cent, though in some localities it is extremely low, and the 
sands, e.cj. the Lower beds at Worksoj), may then be sufficiently 
pur(' to b(^ used for glass-making. 

They contain usually over 75 per cent of silica — some, such as 
the Laiieashire: sands, having, according to Boswell, over 5)0 ])er 
exalt. Up to 9 ])er cent of alumina may be ])resent, but generally 
not mucli, more than (i per cent. The proportion of lime, magnesia, 
and soda present is usually fairly small (less than 1 ])er cent), but 
the MansHeld moulding sand and the Belfast sands are rich in 
inagiuxsia and lime. 

A characteristic of the Bunter sands is tluar higli proiiortion 
of ])<)tash, due ])robably to the fact that, being fornuxl undc'r di'sert 
cxinditions, th(^ felsjiar did not deeomjiose as it would havx'- donc^ 
had it beam in (xintaet with water. Most of tJu' Ixxls contain 
more than 2 pi'r cent and some more than 5 jier cxait of potash. 
This greatly reduces their refraetorine.ss, so that they cannot be 
us(xl for easting steel, though they are (piite suitable^ for moulding 
non-ferrous nuTals. Detrital minerals are generally abundant, axid 
aix^ specially so in Lancashire and Ireland, inie.a bc'ing very plcmtiful. 

Having been formed under desert eomlitions, Buntc'.r sands 
usually consist of well-rounded grains which are charactei'istie 
of this mode of formation (Fig. 1). They vary in coarseness in 
different })arts of the beds and in different localities, \kn-y often 
coarse and line sands occur in the same locality, as at Mansliedd 
and Worksop. At Mansfield, according to Boswvll, the sand varies, 
some containing over 80 per cent of grains more than 0-25 mm. 
diameter, other parts nearly 80 per cent less than 0-25 mm. 
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diameter, whilst at Worksop the pot sand contains oyer 90 per cent 
of grains larger than. 0 -25 mm. diameter and the finest beds contain 

over 00 per cent of 
grains loss than 0-25 
mm. diameter. 

The Belfast and 
Ormskirk sands arc 
generally very lim^ 
throixghout, the former 
having a fine silky tex- 
ture, foi- which thc^y are 
famous. 

Calcareous Sands 

aro usually of luarin.c^ 
origin, and contain, 
in addition to tluur 
sil i 00 0 u H materials, 
chalk, limestone, gy])- 
suni, and other lime 
c()ra])ounds in varying 
proportion s . Th ey are 
usually ])roduccd by 

Fia. 1. — Mansfield lied Buntor Hand. ;< 2(). the shells of dciad 

marine animals be,- 
coming mingled with siliceous sands and ground into a very line 
powder, so that in time the shells aro scarcely recognisabki,' even 
under the microscope. Such sands are often of great valium in 
agriculture. (See Vol. 11., Chapter VIIL) Eor fuitlun.- information 
see Shell sands (p. 157). 

Carbide Sands or Fire-sands are artificial sands eomi)osed of 
silicon carbides and carboxides, which are ustuJ as abi'asiv(\s. 
Carborinulum, crysLolon, carbosilUe, carboj'rax, and clerlrolon a,re! 
silicon carbides. Siljrax, silil, and some otlus- (!om pounds appea.r 
to be somewhat irregular mixtures of carbides and cairhoxicbss of 
silicon, together with .some silieon nitridci. Siloxlcon and flbrox 
are carboxides of silus)n, and corrcwpcjiid to sonui (s>mi)o'siti()n 
between iSiyCgO. 

All these iiiaterials are jaodiutod in an ekuiti-ic*. furnaoci by tbci 
partial fusion of a mixture of silica and carbon in tlu^ absemu^ of 
air. The furmuio u,sed (Eig. 2) is about .‘111 ft. long and 17 ft. wddc', 
and 10 ft. deep, the only pernunumt part of tlu'. structinx', Ix'ing 
the long end walls and the floor. In (laeh (uid is a larger terininaJ, 
consisting of a number of carbon rods, tlui cuds of wiiieh fit into 
copper plugs, which in turn aro fastemed into socked.s in a (^oppeu- 
plate bolted to the outside of the wall and coniuuitcd to the hauls. 
Between the terminal heads is a granular resi, stances core, about 5 in. 
diameter, made of pieces of coke about •* in. diameku'. . 1110 con', is 
packed round loostdy with a mixture of sand, coki^, sawdust, and salt 
in proportions which depend on the nature of the product desired. 
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A typical charge consists of : 

Coke . 

Sand . 
Sawdust 
Salt . 


20 parts. 
32 „ 

6 » 

1 part. 


The proportions of coke and sand used do not vary much, but 
the sawdust may vary from 7 to 11 per cent, and the salt from 1-5 to 
4 per cent of the charge according to the jproducts required. These 
mixtures provide a slight excess of carbon, to allow for loss. The 
function of the salt is to remove the iron and other impurities 
in the coke and sand by the formation of volatile chlorides, whilst 
the sawdust is added to make the mass porous, so that the carbon 
monoxide, when formed, may escape. 



Fia. 2. — Carborundum furnace. 


The reaction which takes place in the furnace is represented 
by the following equation : 

Si02 + 30 = >SiO + 200 . 

An electric current of about 23() volts and 0000 amperes is 
passed through the conttuits of tlu' fiu’nacic, but aftei a time the 
(iurreut is increased and its voltage roducuul until the heat is sufficient 
to vitrify the (iontents of the furnaces and convert tlunn into carbides, 
etc. t(unpei'atur(^ and ralo of heating must be sldlfully con- 

trolhul, as the nature of tlu; products vari('s with the proportion 
of I'aw materials used and the conditions ot Inviting and cooling. 
Whim the contents of the furnace an; suffieumtly cool, they are 
taken out carefully, each product being k(p)t separate as fai as 
possible. The products consist of some unalteivd raw materials, 
together with silicon carbide and various by-products of the 
reactions, of which the more important are . (i.) the giaphitic 

core surrounded by (ii.) a zone of crystalline carborundum, (ih.) a 
layer of carborundum ])owder, (iv.) a ring of siloxicon hie-sand 
with silicon monoxide, and linally (v.) a Him of silica. 

The various products are next passed through a mechanical 
crusher and digested with (1-2) sulphuric acid for thiee days a 
100° C., after which they are washed and then further crushed and 
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screened, so as to separate into various grades, tlxe finest portion 
being collected as fiour. 

Carborundum is a silicon carbide corresponding to the formula 
SiC ; it is capable of formation in small quantities at a much lower 
temperature than that used in actual practice, but on the larger 
scale a very high temperature is essential. The material sold as 
“ pure carborundum ” contains about 65 per cent of silicon, 30 per 
cent of carbon, and 5 per cent of impurities. It is in the form of 
hexagonal crystals varying in colour from the palest yellow to grey 
or blue-black, the variations being due to impurities in the mateiial 
and to the play of light on the surface of the crystals. The crystals 
are of intense hardness, with a specific gravity between 3 -I? and 
3-21, and a melting point of about 2500° C.’- The refractoriness 
of carborundum is not known accurately, though the high tempera- 
ture required for its manufacture shows that it can resist a very 
high temperature. It decomposes slowly at temperatures above 
2200° C. without fusing ; the silicon volatilises, and the graphite 
burns away. The rate of decomposition is often reduced by tlu'. 
formation of a siliceous glaze as one of the by-products, but this 
is not sufficiently protective to prevent its slow decomposition. 
In the presence of flue- or kiln-gases the decomposition is moir^ 
rapid, carbon monoxide and silicon being formed. Carborundum 
has a high thermal conductivity, a low coefficient of expansion, 
and great strength and toughness. 

It is used as a refractory material in the form of bricks, ajul 
as an abrasive in the form of “ sand” or powden-, which may b(^ 
used direct or after being applied to paper or c.loth, or it may be 
mixed with a suitable binding agent and made into blocks, wheels, 
and sharpening stones. Carborundum powdci' has beam used to 
some extent in place of corundum for lapidaries’ work, as it is luirder. 
It has, however, the disadvantage of Ixung morci brittle and is 
soon reduced to flour. It is also u.sod in jdacHi of cunery, winch 
is an impure form of corundum, as, although it is more costly, it 
does the work in one-third or one -ciu aider Of tlm time tak(u'i by 
emery. It is used for glass-cutting and foi* polishing and grinding 
metals, etc., and instead of diamonds for drill-heads, for which 
purpose it is quite satisfactory if mounted in, a suitabh', imdullic, 
or ceramic matrix. It is also used instead of fc'rro-silie.on for 
steel-making and in the reduction of co])j)cr, iiicdud, and lead from 
their chlorides, the jnoductioii of metallic silicides from tluur oxidc's, 
and the preparation of quaternary steels. 

_ As a refractory material it is" used for the manufacture of (irc- 
bricks, zinc retorts, and refractory cements. 

Carborundum powder is sometimes euqiloycd as a facing for 
sand moulds used for casting metal. When mixed with a suitabh^ 
binder and applied to the mould, it gives the metal casting a hard 
surface, because some of the silicon from the carborundum enters 
into the metal and “ case-hardens ” it. 

Some samples show no signs of fusion at 2700” C. 
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Orystolon is the registered name for a variety of carborundum 
which is prepared at a temperature of 1820°-2250° C. A dark- 
coloured mass, known as amorphous silicon carbide or fire-sand, 
is formed at a temperature of 1600° 0., and this is slowly converted 
at 1850° C. into crystalline crystolon ; and as the temperature 
rises and approaches 2250° C., decomposition occurs, with the 
formation of other carbides and carboxides. Crystolon is not 
affected by acids, except hydrofluoric acid, but alkalies and 
carbonates decompose it when heated, and metallic oxides react 
with it at red heat. In an oxidising atmosphere, silicon carbide 
is decomposed, forming silica and carbon monoxide. The co- 
efficient of expansion of crystolon is very low, being 0-0000045 e.g.s. 
units per degree C. 

Hilfrax is another form of carbide of silicon which is formed 
fi’om the vapour of silicon acting on solid carbon. The pores 
in the latter soon become filled with silfrax, and the crystals so 
formed remain small and are tougher and stronger than carborundum 
crystals. Silfrax is formed at the same time as carborundum, 
though in a different manner, so that each must be separated from 
the other when either is required in a fairly pure state. Silfrax 
is used for the manufacture of refractory articles, chiefly pyrometer 
tubes and eloctricial fittings, in the same way as carborundum. 

T\\<i fire-sand whicdi is formed at a lower tempei'ature is amorphous 
or c.rypto-crystalline, but it is equally as refractory as the crystalline 
material. It is, howcvci-, rather less stable than the crystals. 
It is atta(d<ed slowly at red heat by sodium carbonate, caustic 
soda, and sodium peroxide, and rapidly by red lead. It is not 
attack('d by hydrofluoric acid to any apiii-eeiable extent. Tire-sand 
is us(k 1 as a reffraetory material— -chiefly in the metallurgical 
industries. 

Hibindum is a tei-in introduced by Bolling, who, in 1 ()()(), 
found that wluui pieces of carbon, pr(^ssed or moulded to any 
desircal sha])e, were heated in a mixtnr(‘ of silicon carbide and sand, 
th(i silicon reducial from tlu' sand volatilised and combined with 
the carbon to form a compound tiu' partich-s ot whic-h I'c^tained 
the shape of the sand. It is a silicon carbide- with an cxcc-ss of 
carbon, whei-c-as silfrax and silit havee an t-xea-ss of silica-. Ki'om 
a number of experiiiumts made in 1914 1915, Tiu^kt-r and Lowry 
{ioiuiludcd that the formation of silundum commences above 
1800° (h, the gi-ecni.sh slate-coloureal variety bc-ing first formed, 
whilst above 1800" (1. the steel-grey modilieation appears. Above 
2200“ ( 1 . the ])roduet is deeompo.se'd and graphitic carbon remains 
behind. 

Tucke.]- and Lowry concludes that the grcicn variety is really 
a carboxide containing about 9 per i-ent of oxygen, but this 
decomposes to form the grey variety, which is a true carbide, 
devoid of oxygen and (dosely resembling carborundum Both 
the green and the grey varieties of silundum are refractory ; they 
are not attacked by oxygen, nitrogen, or hydrogen below 1100° C., 
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nor by most fused salts ; fused caustic alkalies and alkali carbonates 
convert the silicon into silicate ; they are oxidised, by peroxides 
and by lead oxides ; acids, even hydrofluoric acid, are without 
action on pure silundum, but attack the impurities present in the 
commercial products. The density is about 3 and the hardness 
9 on Mohs’ scale. The most notable distinction between the two 
varieties of silundum and carborundum is their electrical resistance. 
The specific resistance of carborundum j)er centimetre cube at 
25° 0. is 50 ohms, whilst that of green silundum is only 0-2374 ohm. 
At higher temperatures all the carbides are fairly good conductors 
of electricity. 

Siloxicon is a silicon carboxide produced in the same way as 
carborundum, but the conditions of manufacture are slightly 
altered. Siloxicon begins to form, according to Tucker, Gillet, and 
Saunders, at a temperature of about 1.500° 0. Its composition 
corresponds to SbC^O, where x = l-7 and averages about 2. 
It may be a solution of silica in silicon carbide, as hydrofluoric 
acid removes silica and silicon, but leaves any carborundum present 
unattacked. It is amorphous, usually has a greenish-grey sheen, 
and contains some free graphite and carborundum. It has a 
specific gravity of 2-52. It is highly refractory, a good electrical 
conductor, indifferent to most acids, but more easily oxidised 
at 1500° C. than carborundum, a superficial glaze being producetl. 
When heated in a neutral or reducing atmosphere, it is unaffected 
until it reaches a temperature of about 1840° C., when it begins 
to decompose, forming carborundum, free silica, and carbon 
monoxide ; at higher temperatures it dissociates, forming 
carborundum and free oxygen. 

Fibrox (Eng. Pat. 16,299 of 1913) is a silicon oxycarbide 
prepared by heating a mixture of silicon and a catalytic agcmt 
such as fluor-spar. Carbon monoxide and dioxide enter tlu'. 
crucible by diffusion and slowly convert the silica into a fibrous 
mass, having a true specific gravity of 1 ■8-2-2. It is, liowcwcr, 
extremely poroirs, 99 per cent of the volume being air, and its 
apparent specific gravity is only 0-0025-0-0030. It is used as a. 
heat insulator. 

All the foregoing carbides and carboxides arc reduced to tlie 
form of “ sand ” before use. They are then sifted so as to grad('. 
the material into grains of various sizes, the sifted products being 
used in the form of powders or mixed with a suitable binding 
agent and moulded into blocks, etc. 

For use as a refractory material the various silicon carbidc^s 
need to be as devoid as possible of free carbon ; this material, 
even when present in only small amounts, is a serious hindrane.e 
to that intimate contact between the bond and aggregate which 
is essential to the production of sound goods. 

Carbonaceous Sands are those containing a considerable pro- 
portion of organic matter, which may be in the form of lignite 
or peaty matter. Many sands belonging to the Cretaceous and 
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Tertiary Systems are associated with, lignite beds, whilst many 
glacial and most surface sands are associated with peaty or other 
organic matter. The presence of readily decomposable carbonaceous 
matter in association with sands is a considerable advantage in 
many cases, as the water percolating through these beds becomes 
charged with various soluble substances derived from the peat 
or other organic material, which reduce the iron compounds in 
the sand to the ferrous state and render them soluble. By this 
means the percentage of iron in the sand is gradually reduced. 
If the water is not able to escape, however, the ferrous compounds 
remain in the sand, and whilst in outward appearance it is pale 
in colour and apparently low in iron, its normal colour is restored 
by heating it to redness in a current of air, when the ferric compounds 
are once more produced and the sand becomes brown or reddish. 

The sands between St. Helens and Ormskirk in Lancashire 
are associated with a considerable amount of i^eaty matter, by 
means of which the proportion of iron has been reduced to a very 
small percentage (p. 115). 

Carbonado is a dark grey or black variety of diamond, which 
is sometimes indistinctly crystalline, granular, or cellular in sti-uctui‘e. 
It is sometimes called “ black diamond,” and was first dis(!overe(l 
in Bahia, Brazil, though it also occurs in Borneo. It has a spcicUic 
gravity of about S-Ol and contains about 2 per cent of miiuM'al 
matter, which is left as “ ash ” on calcining the material in a gcsith^ 
current of air. Carbonado is harder than all other varicdic's of 
diamond. It is chiefly used for rock drills and also foi' the tools 
used for dressing millstones and emery wheels (see also Diamond, 
p. 9()). 

China Clay Sand is the technical term a])])liod to tlic^ ])arti(!l('s 
of quartz and undecomposed granite occurring with china. (;]ay 
and mica in the slurry washed out from tlui (hina-elay roc^k, or 
carclazite, found in Devon and Cornwall. The sides of tlu^ china,- 
clay pits or sto'pes are subjected to the aetioji of a stream of u'a,t{‘r 
which, in its descent, carries with it some of tlu^ clay, together 
with quartz, mica, and other rock i)a]-tic;k^s. 'riu' r(\siilta.nt er('a-m 
or slurry is collected in a settling pit, in which the eoursc^ pa-rtiel(\s 
or sand ” settle to the bottom, whilst tlu', othei' matishds a.i’(^ 
carried off in suspension in the water for fimtlus- trcNitnu'ut in a 
laimder. (Sometimes a number of sand-intcu'cc^ptiiig boxes a.r(^ 
used to retain the sand. A launder consists of a stpiai'c woexhm 
pipe (about 9 in. square), the sides being perforated hy a nunilx'r 
of 4 in. holes about a foot apart, fitted with stoppeu's, (xilhal huUon,s, 
which are removed in succession as the sand scdtles out of susjK'usion, 
and so allow the water and clay to flow away. Where no lanndei- 
is used, and in some cases in conjunction with a lanmhir, the slip 
is turned into a sand-pit, which consists usually of a rough rcud- 
angular trough 3-5 yards long and 2-3 yards wide, with stone walls 
4-6 ft. high. A doorway is placed at the lower end of the pit over 
which the clay slip passes, whilst the heavy sand sinks to the bottom 
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and is collected. Usually, two or more sand-pits are used, so that 
when one is full of sand the slip is turned into another, whilst the 
first is emptied out by means of shovels, the sand being convoyed 
to the top of the pit in wagons. Any sand which is not intercepted 
by the sand-pits is collected (together with some mica) in the 
first drags ; it is removed from them and put with the I'esiduos 
from the sand-pits in huge banks or " burrows.” 

“ China-clay sand ” consists largely of quartz, undecomposed 
felspar, with tourmaline and some mica. The size of the particles 
varies from very fine grains up to pieces 2 in. or so in diameter. 

The waste from the china-clay rock may form anything u]) 
to four-fifths or even more of the material, but only part of 
the waste can be used. Table XII., due to Mr, J. M. Coon,’ 
shows the proportion of “ sand ” in the china-clay rock from 
the St. Austell district : 

Tahlis XII. — Composition oii" China clay Itocic 



A. 

B. 

tt 

1). 

E. 

r. 

1. Coarse quartz 

39-80 

29-80 

fiK40 

33-30 

25-30 

37-50 

2. Medium quartz . 

17-22 

14-20 

15-80 

11-26 

33-40 

16-60 

3. Fine quartz, tourmaline, 
etc 

1-82 

2-40 

1-60 

3-93 

4-80 

2-10 

4. Very fine quartz, coarse 
mica, tourmaline, etc. . 

1-16 

1-36 

1-20 

2-03 

3-33 

2-13 

5. Fine mica, coarse clay, 
tourmaline, etc. 

0-98 

1-41 

2-50 

1-46 

3-63 

4-20 

(i. Very line mica, medium 
clay, tourmaline 

1 •07 

1-81 

2-50 

4-60 

3-15 

4-:|() 

7. Marketable china clay 

37-30 

49-00 

35-00 

36-60 

25-80 

33-0() 


Mr. J. H. Collins''^ found two samples of china-clay rock to 
consist of : 


Water 

Coai’Ko .saucl and iiiioa ov('r .‘M)-inos]i 
Fine sand and mica imdor 3()-ino,sh 
Kino mica and some clay 
Kino clay 


5-0 

r)-5 

67-5 

71-5 

2-0 

2-5 

3-5 

3-0 

22-0 

17-5 


Ho found that, on an average, 3-7 tons of sand wore ])ro(lu(‘(Ml 
for each ton of commercial china clay, and, in addition, 2-5 c-wts. 
of coarse mica and 1-3 cwts. of Hue inicta were also obtained, 

C!hina-clay waste or “ sand. ” is used for various purposes, 
ineduding building, rough-cast woidc, garden paths, I'efractory 
bricks, cement, and also for polishing guns. 

Clayey Sand is sand containing an ap])rc(dable proportion of 
clay or argillaceous material which may or may not hinder its 

^ Trann. Emj. Ceram. Euc., x., I 911, p. S2. 

^ The Hensbarrow Cranito Dintrict, Truro, 1878. 
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use. Such sands should only be employed where the preseno 
of clay will not be deleterious ; they are useless for building, 
though often quite satisfactory in brick-making and other clay- 
working processes. (See Building Sand, p. 84.) Clayey sands are 
excellent as “ opening substances,” and sometimes have an 
advantage over pure quartz. In some cases, as at Windsor, Ewell, 
Epsom, and in Wales, they are used for making firebricks. (See 
Vol. II., Chapter VII.) They are of wide distribution and occur 
in many parts of this country, and are often known as loams, 
though this term is more generally applied to sandy clays rather 
than to clayey sands. 

Clayey sands may sometimes be used as a source of clean sand 
provided they are first washed very thoroughly (Chapter IX.) in 
order to remove all the clay, but the cost of this treatment is 
usually prohibitive. 

Cobalt Sands, or cobaltiferous wad (see Wad, p. 167), are one 
source of the metal cobalt. One important variety of these sands, 
termed asbolite, is found in New Caledonia and near Port Macquarie 
in New South Wales. 

Colluvial Sands, see Diluvial Sands (p. 100). 

Copper Sand, found in Chili, consists of grains of metallic copper 
mixed with quartz. 

Coral Sands consist largely of fragments of coral rock which 
have been broken from the main mass and reduced to powder 
by the action of waves, etc., and deposited near the shore. They 
(ioutain varying proportions of mineral matter — chiefly of a volcanic 
natures Coral sands, found further out to sea, pass gradually 
into lino calcareous muds of the same nature as coral sands, but arc 
muc.h liner in texture and are generally deposited at greater depths 
than the corresponding sands. As coral rocks are largely composed 
of calcium c.arbonate, the coral sands have a similar composition. 
Th(\y arc of geological rather than commercial interest (see p. 35). 

Corundum, sometimes called adamantine spar, is a source of 
abrasive sand. It is found in several varieties, from the coloured, 
dear, and pun^ gemstones to a very inferior and impure product. 
'^Idie (E^ar blue varieties arc called sapphires, the white and yellow 
ones ar(^ 'whUa and yellow sapphires respectively ; the red ones 
ai’c rubies ; a stone of a turbid magenta hue is barldeyite ; a ])ur])le 
variety is the oriental airiethyst, and a green variety is the oriental 
emerald. The gem stones occur principally in river sands and 

gravels (see Placers, p. 133). , ■ n • t t 

The dull-c!oloured and opaque varieties occur chiefly in India, 
Clhina, >Sibcria, and the United States. They are found in the 
crystalline and metamorphosed rocks in the Salem district of 
Madras, India, and in several other localities. _ Large deposits 
of a grey, red, or purple colour occur near Singrauli in South Rewah. 
Corundum is also commonly found in gneiss, mica-schist, and 
hornblende-schist. The American deposits are found principal y 
in North Carolina and Georgia ; in the latter, corundum frequent y 
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occurs in association with hornblende -gneiss, in large masses weigh- 
ing as much as 5000 lb. 

Corundum is a natural oxide of aluminium containing up to 
97-5 per cent of alumina. Table XIII. shows the composition 
of various types of corundum. 


Tablk XIII. — ^Analyses or Cobundum ^ 



Alumina. 

D’orric. 

Oxide.. 

Silioa. 

■Limn. 

Walcr. 

Indian sapphire 

97-61 

1-89 

0-8 



Indian ruby 

97-32 

1-09 

1-21 



Indian corundum 

93-12 

0-91 

()-96 

l-<)2 

2-80 

Asia Minor corundum 

92-39 

1-67 

2-05 

M2 

l-GO 


The varied colours of corundum appear to be duo to mineral 
impurities in some peculiar {possibly colloidal) state. Thus, the 
colour of ruby may be due to the presence of chromium oxide, 
as on heating it turns to green but regains its normal colour on 
cooling. Cobalt has been suggested as the possible cause of the 
colour of sapphire, though it may, in some cases, be due to chromium. 

Corundum is extremely hard, its hardness being 9, according 
to Mohs’ scale, so that it is very valuable as an abrasive. Foi- 
this purpose it is crushed and graded in the same manner as otlu'.r 
abrasives and made into abrasive papers, cloths, wheels, etc;. 
It is also much used in lapidaries’ work. The abrasive ])()wor of 
corundum, as compared with that of pure sapphire and emery, 
is as follows ; 

Sap])hiro 100 

Ainorican corimdmn . , . 90-!)7 

Naxos omory 40-.'57 

Emery is an im])iirc variety of corundum which is also us(ul 
as an. abrasive, but it i.s not quite so hard as corundum (sec also 
Emery, p. 101). 

Artificial corundum is made by fusing calcined bauxite*, in a.n 
electric; ai'c furnace. Emery may also bo used, but charcoal or 
coke must be added to reduce the iron compounds present to tlu; 
metallic state. The process is simple, yet by no means easy to 
work prolitably, on account of the very' powerful (ilectric, currents 
enqdoycKl and the exceedingly high temperatures (far above tliat 
required in steel manufacture) which arc attained. The furnace; 
consists of a square or circular chamber which may be built of 
fire-bricks coycred with shoot iron which is kept cool by water 
flowing over it. If fire-bricks arc omitted and the mixture to bo 

^ Thorpe’s Dictionary. 
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heated forms its own “ crucible,” the chamber must be large, as 
the part of the charge of bauxite nearest the walls acts as a con- 
tainer. In the centre of the chamber are two or three carbon 
electrodes or rods which carry the current ; they are .mounted 
on rack-work in such a manner that the lower end of one rod can 
bo made to touch that of the other or can be kept at any desired 
distance from it. At the bottom of the chamber are placed several 
pounds of iron or steel turnings, and the two lower ends of the 
electrodes are brought into contact with these. If the current 
is then switched on, an arc is formed and the iron is rapidly melted. 
Before complete fusion occurs, bauxite is shovelled into the furnace 
in small quantities at a time and at such a rate as to make the 
best use of the heat developed by the electric arc. When the 
temperature of the bauxite is about 2200° C. it melts, and, owing 
to the highly reducing action of the arc flame, any iron compounds 
present are reduced to the metallic state. As fusion proceeds, 
the material becomes so intensely hot that most of the silica is 
volatilised and so escapes. Finally, the metallic iron settles to 
the bottom of the furnace, and the molten alumina occupies a 
central position with a light slag, due to various impurities, above 
it, and unfused bauxite all around. From time to time the molten 
iron may be run off, but with an almost pure bauxite there will 
not be suffloient iron to permit this. When no more alumina 
can bo fused in the furnace, the current is switched off and the 
furnace is allowed to cool. The current is usually altei’nating. 
It may be supplied at 110 volts and 300 amps., which is e(iuivaleut 
to about 700 h.]). per “ run,” but for larger furnaces 6000 am])s. 
and 100 volts are used. 

When cold the contents of the furnace are rcmiovc'cl and soi’ted 
according to their various natures, the central mass of fused alumina 
(which during cooling should have been largely reci-ystallised) 
l)oing the desired product. 

In order to obtain a satisfactory abrasive mattnial, hirgc^ fur'nae.es 
must be employed, and at the Norton (’om|)any’s works ma,ss(‘s 
of corundum each weighing 5 tons or more ai‘(^ j’t'gidarly obtained. 
When such large masses are cooled th(\v (hwc'lop cleavage piaiu's, 
and by taking note of tlu^se the (anishing is fa,i'ilitat-(‘d. In Mk^ 
best type of furnace the hearth can lx*, gi’adually h)W('r<‘d during 
the fusion, and by this means a much laigei’ (|miiitity of alumina, 
can be fused than when a fixed hearth is us('d. 

Thci more slowly the product cools, th(' bcttcu- will b(‘ tlu' 
crystals and the greater the toughness and abrasive' powe'r of ilu' 
]Woduct. Hence, by regulating the temperature^ einel ihe^ rate' 
of heating and cooling, the hardness anel te)ughne'ss e)f thee mass 
and the angularity of the particles feumed when it is eiruslu'el e'an 
bo varied. By this means a product with different “ tem|)tu’s ” 
is secured. 

An alternative method — patented by G. Dollnei' in 1 8J)7 — 
consists in igniting a mixture of metallic aluminium with various 
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oxides, whereby the product attains so high a temperature that 
partial fusion of the resultant alumina occurs. 

Adamite is a dark blue material approaching black in colour, 
and contains about 80 per cent of alumina. 

Aloxite is an artificial corundum, having a highly crystalline 
structure and a purplish blue colour, made in the south of Franco 
and at Niagara Falls, America. 

Ahindum is an artificial corundum made by the Norton 
Company, Chippawa, Canada. 

Borocarbone is an aluminous abrasive made in France. 

Gorubin is a by-product of the Goldschmidt “ Thermit ” process 
of m aiding chromium, and consists of a crude form of fused alumina 
which occurs in the slag. 

Oxyalumina is an abrasive made in America by fusing aluminous 
earths. 

Cretaceous Sands, see also Greensand (p. 118) and Wealden 
Sands (p. 168). 

Diamond is the hardest mineral known in nature, having a 
hardness of 10, according to Mohs’ scale. It is found in sand 
and gravel deposits formed by alluvial action, and also in alluvial 
beds, which have later been covered by more recent deposits of 
rocks (see Gem Gravels and Sands, p. 112). 

Diamonds are chiefly used as gem-stones and as abrasive 
materials, the largest and purest stones being selected for gems. 
The less valuable diamonds and the powder obtained by crushing 
them are used by lapidaries for cutting and polishing other diamonds 
and precious stones. The powder is also embedded in a disc of 
soft iron, and used for cutting ornamental stones and for preparing 
thin sections of rocks. 

Inferior varieties of carbon, including carbonado or black diamond 
(p. 91) and borb or boart (p. 84), are also used as abrasives, caihonado 
being used in the steel crowns of rock-drills. 

Diatomaceous Earth (sometimes known as Barbadoes Earth and 
as Kieselguhr) is a highly siliceous sediment or cle]Josit produced 
by the accumulation of extremely minute plants called “ diatoms,” 
having an external casing of silica. In time, countless millions 
of the, sc microscopic .siliceous shells form a bod of a light porous 
nature, varying in colour on account of various inorganic im])urities 
which may be present. The deposits are usually (iontaminatcul 
with other materials which have been deposited simultaneously, 
the priuei])al impurities being silt, day, sand, volcanic ash, and 
decayed vegetable matter. With the' exce])tion of the organic 
matter, which is destroyed by calcining the material, these inpmrities 
cannot be separated cheaply, and therefore adversely affect tlu^ 
value of the kieselguhr. There are, however, very pure beds, 
which contain 95 per cent and more of silica, in Germany, Norway, 
the United States, Italy, and near Algiers. 

The German kieselguhr is obtained chiefly from Naterleuss, 
between Hamburg and Hanover, where a deposit 150 ft. thick 
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occurs, its colour varying from white at the surface, where it is 
associated with a coarse sand which can be removed by washing, 
through a bed of grey material containing less sand and enough 
carbonaceous matter to calcine the material, to the lowest bed, 
which is 50-100 ft. thick and consists of green kieselguhr containing 
up to 30 per cent of carbonaceous matter. Important deposits 
from which large supplies have been obtained also occur at 
Oberhohe. 

The Algerian beds are amongst the finest in the world, though, 
as yet, they have not been fully exploited. 

Enormous beds occur at St, Lucian, sometimes attaining a 
thickness of 150 ft., the better qualities occurring near the bottom 
of the deposit.- 

Other smaller or less pure deposits occur at Auxillac in France 
(p. 98), Spain, Ireland, and Scotland. The Irish kieselguhrs are 
highly coloured, very impure, and of limited usefulness. 

In Scotland, a diatomaceous earth occurs in Skye and Aberdeen- 
shire. In the north of Skye at Loch Cuithir the deposit is 40 ft. 
thick and consists of material which, when air-dried, contains 
94-4 per cent of silica and 4-43 per cent of water, so that if all 
the water were removed it would contain 98-78 per cent of silica, 
Diatomaceous earth also occurs in Loch Mealt, Sartil, Loch Cleat, 
Loch Snuisdale, and Glen Uig, in the Isle of Skye. In Aberdeen- 
shire it occurs near Ballater and contains about 83 per cent of 
silica, 5-5 joer cent of iron oxide, 2-1 per cent of alumina, and 2-93 per 
cent of magnesia. 

Diatomaceous earths have also been found at North Tolsta 
in Lewis, where it is 7^ ft. thick, Loch Ba in Mull, where it varies 
from 1 to 2 ft. thick, and at one end of Loch Leven in Fifeshirc, whore 
it is about the same thickness. 

Most of the best known beds of kieselguhr belong to the Tertiary 
e]K)ch. 

The colour of kieselguhr varies consichs'ably and does not 
indicate the quality of the material. In soiiu' i-ases the colour 
of the dried earth is much InTter than that of the frc-shly dug 
mat('rial. As a general rule the* lighter deposits are preferable 
to the more highly coloured ones, and tlu' b('st (pialitics yi(“ld an 
almost [)ure white or cream-coloured mah-rial when calcined. 
The analyses given in Table XIV., and due to A. Bigot, show 
the com])osition of kieselguhr fi’om various sources. 

In its ])ure state kic^selguhr contains 25-45 ])er cent of moisture', 
which is ex})elled at 100° C., leaving a very light, soft, easily abraded 
material. Under the microscope the regular forms of the ])lant 
skeletons are readily seen, some of them being very beautiful 
and characteristic. The form of silica found in these skeletons 
is very peculiar, being an irreversible colloidal gel containing 
5-10 per cent of combined water, which is evolved on heating to 
redness. In the raw earths there is usually a variable proportion 
of reversible silica gel. These two forms of silica are easily attacked 
VOL. I H 
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by bydrofluoric acid, and are soluble in solutions of sodium carbonate 
of all strengths. 

TABr.ifl XIV. — Anaoyhks op Kiicsioi/uiirR 





St. OoniH Lc Sif?. 

lyompnr., CiUlfonila. 

Composition. 

Lnnc- 

Aiixillac. 






hour}!. 

A. 

B. 

A. 

B. 

c. 



Combined water 
Organic mattor . 

5-2() 

8-43 

3-5 t 
3-() / 

0-4 

5-2 

5-54 

5-57 

2*22 

Silica . 

81-25 

88-90 

74-0 

80-5 

88-78 

85-28 

94-59 

Alumina 

3-19 

2 -(in 

1-99 

1 -35 

2 '08 

5-35 

1-87 

Ferric oxide 

1-34 

1-5 

1-00 

0-50 

O’racui 

M2 

()-7(i 

Titanium oxide . 

0-15 

0-20 



O-IO 

0-21 

0-10 

Lime . 

0-18 

0-20 

6-'C)l 

2 -or) 

l'()l 

i-l2 

0-83 

Magnesia . 

0-20 

0-15 

1-58 

0-75 

l-3() 

1-30 

Traco 

Alkalies 



2-I(i 

0-40 




Carbon dioxide . 



0-20 

2*70 

Wh’iio 

Brown 

White 

comy)act 








shalo. 


On heating the Ideselguhr to 600°-700° 0. in a fairrent of air', 
the combined water is clriven off and the organic matter burns 
away, so that, whilst the appearance and volume of the earth 
remain unchanged (except for the colour), its power of absorption 
of gases and liquids is increased and it becomes harder. When 
heated between 700“ and 1000” G., theses earths contra(;t and 
increase in hardness and apparent density. The ciihic.al cuni- 
traction increases fairly uniformly ivith tlu^ t(mi])era,tur(^ of 
calcination, a block with a volume of 100 c.c. at 700” ('. shrinking 
to about 25 c.c. at 1400“-H)00° ( 1 . apparent density nr 

strictly the volume-weight — remains constajit a-t i)(d()w 

700° G., rises rapidly to 1 -4 at 1000”-14()0'' (!,, and stea,dily incrcaisc's 
to about 2-2 at 1400°-1()00“ (!., betwc'-en which temi)(M'aiui'(\s the 
material fuses. The true H])ec.ilic gravity is a, bout 2-() Ixdow 
1000° G., but at the fusion imint it falls to 2-22'2-25. About 
77-80 per cent of the total volume of dried matcu’ial consists of air 
enclosed in the cells, this ijroportion of voirls being O-K timers that 
of lightly calcined clay. 

The normal melting point of kieselguhr is I570”-1()00'’ G., hut 
it is sometimes as low as 1300“ C. in very inquire earths. 

Kieselguhr possesses certain catalytic pi'opi'rtii^s similar to, 
but less marked than, those of freshly dellocculatc'd china clay. 

The thermal conductivity of tho calcined material is iiroportional 
to its volume -weight, and is very low on ac-count of the large 
proportion of voids or air-spaces in the mass. Gonseipiently, 
it is of great value as an insulator. Its heat-conducting ])ower, 
as compared with other jnaterials, is shown in Table XV. (by 
Harvard) . 



yj 


DIATOMACEOUS EARTH I, 9 \ 

l\ 4; ■ 

% 

Tablts XV. — Thebmal CoNDUOTrviTy ob iNSti^ajipBS 



Material. 

Tfliuperature of 
Burning. ° 0. 


Kieselguhr 


0-0018 

Fireclay brick .... 

1300 

0-0050 

Bauxite brick .... 

1300 

0-0033 

Silica brick 

1300 

0-0031 

Magnesia brick .... 

1300 

0-0066 

Carborundum brick 

1300 

0-0146 

Chromite brick .... 

1300 

0-0034 

Cfraphite brick .... 


0-024 

Building brick . ' . 

1050 

0-0037 

Porcelain 

1400 

0-0046 


At 2000° E. (1093° 0.) a layer of raw kieselguhr of 1 in. in 
thickness is equivalent to 6-5 in. of good firebricks, or 1-35-] *05 in. 
of magnesite bricks. 

The specific heat of kieselguhr resembles that of cdays and 
other ceramic materials and averages about 0'25, so that a com- 
pacted mass of the material, with a volume-weight of 0-5, absoi-bs 
21 times as much heat as the loose powder with a volume-weight 
of 0-2, whilst a Hroclay brick with a volume- weight of 1-8 will 
absorb nine times as much as the ])owdered earth. 

The chief uses of kieselguhr and other diatomacoous earths 
depend on their lightness and porosity, for which reason they are 
used (a) as heat insulators, (6) as refractory materials, (c) as 
absoT'bents, and (d) as fillers. 

As a heat insulator they are very valuable, and arc^ cmiployed 
for (iovering steam-])ipes and boilers, for safes, fireproof rooms, 
and for Hlling the bulkheads of steamships, (de. iSiufi, (earths 
an^ of gi'c^at value in many situations where l)oth r(‘fraci()riness 
and lieat-insiilating ])ro])erties are desirral, but, on account of tlnur' 
great poi'osity, they are of little use for ivsisting tiu' eoi'rosivc^ 
action of slags and fluxes, and should not be used iu ('xposc'd posilions 
in furnaces, but only as an intcu'mediate walling, i.c. wh(‘r(‘ their 
sui'faec is protected by fired, >ricks or otlun- slag-resisting matc'rial 
on the one side and from the weatlu'r on thc! otliei-. In such case's 
they are very valuable, anel are lai’gely useel fe)r ce)ve'ring the; (‘rovvus 
of kilns anel furnaces of various ty))es, anel as an inteu-me'eliate 
walling in boiler settings, blast furnaces, edc. A tunnel kiln 
efliciently insulateel with kieselguhr ejn thei sides and roof earn 
usefully emphyy 98 pei' cent of the available heat in the filed, the 
outside walls having only a • temperature of 28° C. when that of 
the inside walls is 1250° 0. 

Kieselguhr has been ustvl as an absorbent for bromine for 
disinfecting purposes, and for sul])huric acid. “ Dry suljihuric 
acid ” is Ideselguhr saturated with 3-4 times its weight {i.e. about 
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75 per cent) of sulphuric acid ; it forms a loose powder which can 
be shipped or transported with far less risk of loss or damage than 
is the case when the liquid acid is sent in containers. 

Kieselguhr is used in the manufacture of ultramarine and as 
a filler in the production of soap and cotton, and rubber fabrics. It 
is also employed in compositions used for preventing rot and 
fungus. It is a mild abrasive, and is used for polishing metals, 
and as a tooth powder. It is also used for making imitation 
meerschaum, in the preparation of paints, as a filtering agent, 
and also in the manufacture of sodium silicate (water-glass), as 
it is easily acted upon by alkalies. 

For use, the Ideselguhr is dug in snob, a way as to produce 
rough blocks, which are stacked in the open and left until they 
contain only 15-26 per cent of water. The half-dry material is 
then taken to the grinding plant, where it is reduced to powder 
and may be dried still further by passing warm air through the 
grinder. Artificial drying does not appear jwofi table, though in 
California the blocks are exposed to the air for 40-50 days, then 
sawn into bricks ; the drying is completed in kilns. If calcined 
kieselguhr is required, the grinding may be postponed until aftcu 
calcination. 

The calcining is usually effected in small round kilns, but where 
the output is sufficiently large a continuous shaft kiln is much morc^ 
economical. Tripoli and Moler are materials somewhat resembling 
kieselguhr, and are dealt with under their resi)ective headings. 

Diatomaceous Ooze is a siliceous deposit founfl in the Arcttie 
and Antarctic T'egions, especially the lattei'. It contains a fairly 
large proportion of mineral matter de]) 0 Hited by ic-e, and also has 
a variable i)ropoi'tion of calcareous matter, such as foramiuifci'atp 
but other organic materials are very rar(i. It is of a similar natllr(^ 
to the diatomaceous earths found al)()V(5 soa-hwed, and, wlum dry, 
is of a white or yellowish colour, very similar to tripoli or ki(\selgulu'. 

Diluvial Sands are de])osits formed by tlu'. action of pow(‘rFid 
streams, floods, or other unusual' aetiot) of wad'r. They ai'(^ 
extremely variable in ctoinposition and may contain, in addition 
to what is usually termed sand, considerable pi'()])()rtions of graved, 
chalk, liniestoiKu and other im))urities. ddudi- value and nsc's 
depend ui)on their ch(‘.tnieal <',omia)sitiou and physi(ail natures 
These sands must not be confused with those prodinual by tlu^ 
norinal action of water, which arc termed (lUuvidl sands. 

Dinas Sand is a ])ale yellow material prodiuH'-d fi-om tlu^ dis- 
integration of the famous Dinas quartzite (deposits oe.e.urring in 
the Vale of Neath, Cllamorganshire. The best sam])les of tlu^ 
material contain 98 per cent of silica, 1 per (■,(>, nt of alumina, and 
] ]3or cent of iron and other oxides, ‘but a more average composi- 
tion is : 

Silion 95 j)or coiiL. 

Olayoy imittor . . . 'i ,, 

fluxing oxidoB . , . 1 ,, 


EMERY 


Dinas sand is largely used for the manufacture of silica hricKs ; 
some of these have a world-wide reputation. (See also Quartzites, 
p. 138.) 

Dolomite Sands are deposits caused by the weathering of 
dolomite limestone ; the calcareous material, being soluble in 
water containing carbon dioxide, is removed in solution, leaving 
the more magnesic material behind, together with more or less 
silica sand. In the Paris basin a limestone has been weathered 
in this way, leaving a dolomitic sand in which are embedded 
nodules of unaltered limestone, locally known as Utes de chat. 

Drift is a general term for deposits of detrital materials, and 
may be formed as a result of aeolian, fluviatile, estuarine, marine, 
or glacial action. More often it is applied to deposits formed as 
a result of glacial action. For special lands of drift sands see 
under Blown Sands (p. 82) and Glacial Sands (p. 115). 

Eluvial Sands and Gravels are deposits of loose aggregated 
material formed by the action of weathering agencies on the rocks 
below them, and should not be confused with alluvial sands, which 
are produced from the same materials, but have been transported 
from their places of origin and deposited elsewhere. 

Emery is not a natural sand, but in the jiowdered state it is 
used so largely as an artificial sand as to be suitably inehuled hero. 
It occurs as a greyish, impure variety of corundum, which {U)nsi,sts 
of crystalline or granular corundum mixed with a gi'cater or less 
pro])ortion of iron oxide, chiefly in the form of magnetite and various 
other accessory minerals, including tourmaline, hercynite, garnet, 
muscovite, diaspore, kyanite, rutile, etc. 

At one time emery was obtained almost entirely froni tlu^ 
island of Naxos, in the Grecian Archi])elag(), where it octeurs in 
blocks embedded in the soil and also in the ciystalline linu'stone 
of the islands. It is now found in A.sia Minor, (\s))eciaIlY m^n-r 
J']])hesus and Philadelphia, when^ it is also ])artly obtained from 
the loose soil and partly as a rock wliieh has to lx* mimxl. 

It is als(j mined in the United iStates at (']i(\st('r (Massiichuscdts) 
and Peekskill (New York). 

Table XVI.^ shows the chemical composition oF the thrc(5 
chief vari(fii(‘s of emery. 


Tablk XVJ. — Analy.sks ok JOmkry 


Sourci:. 

Ahiiiiiiia. 

Miifiiiclic- 
Iron Oxide. 

Sili(-ii. 

liime. 

Wilier. 

(jumach . 

77-82 

8-02 

8-10 

1 -80 

:m 1 

Naxos 

08 -5.3 

24-10 

:mo 

0-80 

‘1-72 

Samos 

70-10 

22-21 

4-00 

0-62 

2-10 


^ Thorpe’s Dictionary. 
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The specific gravity of emery varies slightly in different 
localities. The Samos emery has a specific gravity of 3-98, that 
from Gnmach is 3-82, whilst the Naxos emery has a specific gravity 
of only 3-75. 

The emery is first broken by sledge-hammers or ]iowerful 
crushers. Sometimes, prior to breaking, the emery is heated and 
quenched in water or cooled with a blast of air, so as to cause 
strains in the material which facilitate fracture. The broken 
stone is examined, and any useless material ifickcd by hand ; 
the residue is then crushed, washed, and sifted. The smallest 
particles are still further purified by elutriation with water, and 
are thus separated into various grades. 

Emery is chiefly used as an abrasive, its hardness depending 
on its internal physical structure and. the manner in which the 
particles are aggregated together. According to L. !8mith, tlui 
texture is of greater importance than the pi’oportion of alumina 
present.! 

The hardness of various samples of emery as cotnjiared with 
sapphire is as follows ; 


Sapphire .... 100 

Gumach emery . . . 47 

Naxos emery . . . 40 

Samos emery ... 50 


Emery is used in the form of emery-cloth, emery-paper, omery- 
•sticks, etc., the powder being glued by some suitable medimu 
to the backing or support. It is also used in the form of whecds, 
made by mixing the powder with a binder such as shellac,, moulding 
the mixture into the desired sha])e, and aftcu'wards lumting tlu^ 
articles in a stove until they are suffieicntly hard. In soim^ easels 
emery is bound with a paste consisting of loam and \vat(U', but 
such a ])roduct woidd not be suitable for grinding wlu'cls unless 
the loam were of an unusually plastic, nature^ and so fusibh? that, 
on heating the mixture in a kiln, the loam formed a fused or vitrified 
bond. As loams are variabhi in eomi)osition, {irtilieial mixiur('s 
of china clay and fels|)ar are genej'ally substituted whem viti'ilied 
emery wheels are to be ])roduc,e(l. 

Eocene Sands, see under subdivisions, Barton Banda (p. 82), 
Bagshot Bands (]). 81), Bracldesham Bands (p. 84), Woohoivh. and 
Reading Bands (p. 1(58), Thanot Bands (j). 1(53). Otlnu' Eoc.cuu', 
sands of les.ser im])ortance am dealt with on ]). (5(5 in ( lhapt(U' 11. 

Eskers are winding ridges of sand a,nd gravel, tlui mat(U'ia,l 
being sometimes irregularly stratified. They appea.!' to Ix^ the 
beds of streams which flowed in or Ixmciatli a glaeiei- and weiaj 
loft when the ice melted. 

Estuarine Sands (sometimes termed “ muds ”) a,rc^ produeixl 
by the precipitation of finely divided fragmeuta.1 material cuwried 
down by rivers to the sea. Some of the finest ])ai'ticles of matei'ial 

^ Anier. Juurn. Science, 1861, ii. IKKi. 
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in water are in a state of colloidal suspension, and they rein 
in this state on accoxint of the repelling action of the electriv.« 4 , 
charge of each particle. Coarser particles are sometimes kept 
in suspension by being surrounded by colloidal matter. When 
the suspended particles come into contact with the saline matter 
in the sea-water, the charges on them are released and, as a result, 
the particles are flocculated and form larger masses, which settle 
in the bed of the estuary. Eor this reason, some fine material 
settles quite close to the shore, whereas in the ordinary way fine 
particles produced by coast erosion are carried much farther out 
to sea. 

Estuarine sands consist chiefly of very small particles. They 
are frequently laminated, because changes in the speed of the river 
have caused materials of different degrees of fineness to be laid 
upon one another. Lamination is also accentuated in tidal flats 
by the constant covering and uncovering of the deposit by the 
moving water. Whilst silica is the chief constituent of estuarine 
sands, clay is often present, together with a very variable proportion 
of calcium carbonate and organic matter. In some cases, as in 
the Medway and Thames in England, and in the Seine in Prance, 
these calcareous muds are valued for the manufacture of cement, 
provided they contain sufficient clay. 

The (Xicmi'i'ence of estuarine sands in the Oolitic formation has 
been [)reviously described on ]). 59. These sands (jonsist for the 
most ])art of very line grains of different coloui's, the beds, on account 
of their (iuviatile origin, being very variabh^ and of limited extent. 
They vary in colour from almost pure white to l)rownish. 

At Huttons Anibo oecuii' luxls of various ciolours from cream 
to yellow and brown, th(‘- iipper ones containing clay and grey 
carb()nac(M)us mattcu'. They (X)ntain, a(a!ording to Boswell, about 
S4 pel- ('.(Uit of silica and 9 per (lent of alumina, togc'tluu- with about 
1 •() ])er cumt of iron oxidm Thc! lower bivls are iniuh purer, con- 
taining only about ()• 1 9 p(u- cent of iron oxide, of which 0 -Ob [)er cent 
can hi', removed by washing. 

At Dcuiford (Nortliam ptonshire), acu-ording to Boswell, the 
c.r(xiin-col(nired Oolitic, sand c.ontains a.l)out 9S p('r (-(-nt of silica 
and ()•()() ])('!• c(Uit of iron oxide, whilst a,i Tadiiun-ion tlu- iron 
c.onUmt is sonu'vvduit higher. 

Th(^ impurities pi'(\sent (amsist childly of ilnurniic and otlim- 
iron -ores, ga.rnet, zircon, rutil(\ Uyaniti', toiirnuiline, glauconiti', 
stam-olite, muscovite, and anata.se. Serpiaitine also occairs in the 
Huttons Amho beds. The proportion of impm-iiii's is gimm-ally 
fairly low ; Boswell found a total of ()-5 |)('r cent or less im|)urities 
in the ones he examiiKHl. 

Large portions of the hixls at Iluttons-Amho are quite uniform 
in texture ; according to Boswi'll, aixmt iS5 per lumt of the grains 
are between 0-25 and ()-5 mm. diameter, and about 7-5 per cent 
between Od and 0-25 mm. diameter. At Tadmarton the beds 
are similar to those at Huttons Ambo in texture, about 80 per 
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cent of the grains being between 0*25 and 0-5 mm. diameter, but 
at Denford the sand is much finer ; Boswell found that most of 
the grains in the Denford sand were between 0-1 and 0-25 mm. 
diameter. This sand is cream in colour, turning to pinkish when 
burned. 

The Estuarine sands are used for various purposes. The best 
q[ualities from Huttons Ambo and Denford are suitable for glass 
manufacture, whilst the more highly coloured ones (particularly 
the upper beds at Huttons Ambo, which contain a notable quantity 
of clayey matter) are used in steel works and foundries for moulding 
purposes. 

Some of the better qualities at Huttons Ambo are also used 
for the hearths of open-hearth furnaces. 

Facing Sand is a specially prepared sand which is used to give 
a smooth face to the sand-moulds used for casting metal in foundries. 
It is shaken on to the pattern through a sieve and is afterwards 
rammed until it has a thickness of about one inch. (iSce Vol. JI. 
Chapter VI.) 

Ferruginous Sands are, as their name implies, those rich in 
iron compounds. 

Fire-sand is an artificial sand produced in the manufacture of 
carborundum. (See Carborundum, p. 86.) 

Fluviatiie Sands (or River Sands) are those found on the banks 
and beds of rivers, streams, etc., and in situations where ancient 
streams existed (see p. 28). They usually ennsist of sharp angular 
grains, very variable in size and composition, but excellent for 
mortar, concrete, etc., where the grains are rocpiired to interlock 
with each other. They are also useful for liltcu* beds. 

The fluviatiie sands in the Thames, near Woolwich, arc', rcuioverc'd 
by dredging, and used as moiddiiig sand for brick -making. Eluviatik^ 
sands are seldom sufficiently pure or uniform in size of grain, to 
be used for glass-making. 

Foraminiferal Sands arc calcareous (lo])osits of tlu^ skc^lc^tons 
of marine organisms fornuKl chiefly on dec]) floors of thc^ sea in 
different ])arts of the world (see ]>. 36). They are only of scientilic! 
interest and have no c.ommei'cial value. Hands e.{)in])ose;d of other 
marine organisms also occur in similar loctalities ([). 36). 

Fusible Sands are those containing a large ]))'op()rtion of lluxc's, 
such as lime, soda, or potash, in the form of fedspar, mica, or other 
fusible mincj'als. A high ])ro])oi-tion of iron compounds iilso 
reduces the refractoriness of sands if they are licatcd in a reducing 
atmosphere. 

Ganister is a slightly ])laHtic, fine, siliceous grit, containing up 
to 10 ])C:r cent of clay and forming a coni])ac.t bedded sediinentaiy 
rock of very line gi'anular texture. 

The origin of the term “ ganistcT' ” is unknown, but it was 
first a])plied, in connection with steel furnac(\s, to the line dust 
carefully collected from the country I'oads between HhoHicld and 
Penistone, which was rightly regarded as of great value on account 
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of its refractoriness. As the demands for this material increascHl 
much faster than the supply, attempts were made to produce a 
similar material by grinding the rocks used in making the roads. 
Laborious investigations eventually led to the recognition of certain 
outcrops of fine-grained silica rocks as being the most suitable 
for furnace linings, and the term ganister was therofoi'e trans- 
ferred to these rocks. Since then the term has boon extended 
(unwisely, in the author’s opinion) to other silica rocks, some of 
which are quite unsuitable for furnaces, and this has led to much 
loss and disappointment. As, originally, the term “ ganister ’’ was 
applied to rocks of a certain geological horizon, viz. that imniodiatc'ly 
below the Ganister Coal in South Yorkshire and Lancashire, it 
seems desirable to confine it to these rocks. The use of the term 
“ ganister ” for fine-grained silica rocks which lie just above th(^ 
Millstone Grit in other coalfields is open to objec.tion, as tlu'. 
properties of such ganisters are not identical with those of thcs 
“ true ganister ” of South Yorkshire. The still wider use of tlun 
term to include siliceous rocks from other geological Jiorizons 
should be avoided as being incorrect and misleading, oven though 
such rocks are used for some of the purposes for which true ganistcu- 
is employed. 

The term “ true ganister ” — ^when used in this volume - is 
strictly confined to the fine-grained siliceous I’oeks wliich, lie 
immediately below the Ganister Goal ; othei’ similar j'oe-ks ai'o 
termed “ bastard ganisters.” 

True ganister is extremely hard and dilHcult to crush, whilsl 
some other rocks sold as ganister may be rediured with c()m))iU’ati v(^ 
eas(^ to the constituent grains of sand, of which tJi(\v ai'c almost 
wholly composed. The best ganister a[)i)oars to Ix' assocabihxl 
with an underlying fii'eclay. 

Only a small ])art of the so-called ganishs- group oF roc^ks is 
of value coimnercially, as the remaindem is too impure' to use'd 
as a refractory material. The outcrops of ganister are spc'cially 
sought, as they enable the material to be; ol)ia:ine(l more readily 
than from the deeper portions of tlu^ saiiu' Ix'ds. 'I'lie imiterials 
from the outci'op are often ])urer than those' obtaitx'd IVom a. gi'e'ater 
d(q)tJi. Ixdow the siut’acie. 

The desirable features hr ganisteu- iisc'd For tJu' mauid'acl-ure; 
of ganister or silica bricks and for lining furnace's ai’e' : 

1 . The angularity of the grains. 

2. The evenness or uniformity e)F thee grahi size', 'riie' be'sl. 
ganister I'ocks consist e)f grains ()-l-()-3 mm. eliame'te'r. 

3. The interlocking of the mass. Jtoe.ks with i'e)uuele'el grains 
are generally less pure, less compact, more friable^ auel me)re' like'ly 
to have received infiltrated imjmritkes. W'heai tiic ceaue'iitiug 
material is wholly siliceous, the close inter'locking e)f the' gi-ains is 
not so important. 

4. The presence of only a small quantity of inkM'stitial 
matter. 
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Table XVII. gives figures which are typical of the ganister 
obtained from the chief sources of this material. 

Tablu XVll. — AnatjYshs op Gani.stoii 



Durliam 

(Taniater. 

Hard 

GiinlHtcr. 

ShellUUd 

(ianistiu' 

(liOWiiod), 

Sl.ellirld 
(iantsl.i'V 
( llolliiip;). 

i>{)uny- 

iiuilr 

(laiiiaicr. 

l.iiirttcr- 

dyke 

(huiislu'r. 

Silica . 

97-2 

1)7 •!) 

HH-4 

5)7-8 

89-2 

974) 

Alumina . 

1-5 

()•« 

(>4- 

0-2 

4-() 

1 •.4 

Ferric oxide 

(P.T 

0-3 

1'7 

()•2 

24) 

()-8 

Lime . 


()•« 

(>•7 

0-4 

(>•4 


Potash 

(P5 



0-2 

0-4 

O-f) 

Magnesia . 


()-2 

( V4 

0-4 



W ater 


04 

2-4 

0-7 

;{*4 



The occurrence and distribution of the ganister rocJcs of South 
Yorkshire have been described on ]). 49. 

The Sheffield ganister — ^which is the best known and the most 
widely used — varies from a pale grey to buff colour, the predominant 
shade being a pale grey. It has an almost constant com])osition, 
averaging 97-7 per cent of silica, about 0-3t5 per cent of alumina, 
and about 0-14 per cent of potash and 0-28 ]X)r cent of soda, with 
practically no carbonates, and a very low ])et’eentage of hydrous 
silicates. The great superiority of the Sheffield ganister depends 
on its physical properties rather than on its cliemical composition. 
Its fracture is similar to that of cliert ; Avhen ground, it breaks 
into granular fragments, which intcuioede readily under slight 
pressure and can easily bo compacted into a strong ma.ss. ilu' 
grains are in'cgular in shaj)e and are very small, geiu'rally betvvc'en 
0-05 and 0-]5 mm. diameter. A small pi'oportion of (day is prc'sent 
and some of the grains are usually united b^y a siliceous eenumi.. 
Hericitic mica is abundant, ])artieulaidy in the thi(dc(U' pa.rts of 
the beds, and iron stains are freepumt, though iri'(^gnlarly dis- 
tributed, some portions of the deposits Ixdng almost free from 
iron compounds. Eelspar is rartdy found, but occurs in sonu' 
ganisters. Plant - nunains and earbomuaxuis sinuiks arc vc'ry 
common, but do no harm to the material. 

Towards HuddersHcdd and Leeds tlu^ ganistew roede is sofb'r 
and contains more clayey matter. The te.xtur(' is somewlud^ 
coarse, the grains being generally ladwaam ()•(), 7 and ()-2 mm. 
diameter. The fiamturo of the roede is less (dierty and the grains 
produced by grinding are less angulai’ than in the (Sluvffield ganistcu', 
so that they do not produce such, compact linings to furmuavs 
nor such good bricks. Titanium oxide occurs fairly abundantly, 
as rutile, anataso, and brookite. The rocks also contain more' 
feLspathic material and white mica than in the ISheffield ganister. 
Iron compounds are comj)arativoly common in the cement. 

In Derbyshire the ganister rocks are more siliceous and somc(- 
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what coarser. At Ambergate the grains vary in size between 
0-1 and 0-3 mm. diameter, and a small proportion of heavy detrital 
minerals is present. 

In North Lancashire the ganister is somewhat similar, but 
much inferior to the Sheffield material, and generally contains 
less than 85 per cent of silica. At Rishton the texture is very 
fine, most of the grains being about 0'03 mm. diameter, though 
some are as large as 0-1 mm. diameter. Flakes of white mica are 
disseminated through the rock, and various heavy minerals, includ- 
ing iron-ores, rutile, and tourmaline, occur in the interstitial cement. 

In the Accrington district ganister of rather better quality 
occurs, and is Icnown as Warmden rock ; it contains about 90 per 
cent of silica, 6 per cent of alumina, and less than 1 per cent of 
iron oxide. In South Lancashire the rock is light to dark grey 
in colour, but it is much streaked by carbonaceous matter and 
plant-remains, and contains, on an average, about 88 per cent of 
silica and 7-8 per cent of alumina. In texture it is generally very 
fine, the grains averaging 0-1 mm. diameter, though some parts 
are composed principally of grains about 0-05 mm. diameter. 
The cement is partially siliceous, but there is also an appreciable 
amount of clay, as shown by the percentage of alumina ; in some 
places its composition approaches that of fireclay. Mica and 
other impurities occur in small proportions. 

Bastard ganister s are often used in place of the true ganister, 
and whilst they resemble the latter in chemical composition, they 
do not possess the same physical texture, and the use of the term 
ganister in connection with them is best avoided. They may be 
termed “ silica rocks ” or sandstones.” 

It is difficult to distinguish some of the bastard ganisters from 
the true ones with the unaided eye, as both may be fine-grained 
and contain abundant traces of fossilised roots and other remains 
of plants. The difierence is readily seen when a thin section of 
the rock is examined under the microscope. 

The ])rincipal bastai'd ganisters occur in Durham and North- 
hiist(UMi Yorkshire, South Wales, Lanarksliin', (Scotland), and at 
Ballyvoy, near Ballycastle (Ireland). Their distribution has been 
described in (Ihajrtm- II. 

(Carboniferous Limestone iSeries contains sevor'al bastard 
ganister's, particularly the “ pencil-ganister ” and the “ Egglestono 
ganister-.” 

The jrencil-ganister of Durham and Nm'th Yhu'kshir-o consists 
of a gr-eyish Hnc'-grained rock, sti-eaked with carbonaceous matter. 
In some places, as at Wensley, it has a pinkish tinge, and at Rook- 
hope the uirper bed is so dm-kened by carbonaceous matter that 
it is ter-rned black pencil-ganister. The beds contain a fairly high 
proportion of silica, those at Rookhope having from 97-5 to 98 per- 
cent. The texture is generally fine, the grains being from 0-1 to 
0-15 mm. diameter, the Wensley rock being rather finer than that 
in the beds at Rookhope. 
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The black pencil-ganister of Rookhope is very similar to, 
though not quite so fine as, the Sheffield ganister, and is prob- 
ably one of the nearest approaches to true ganister in the 
district. 

The Egglestone ganister, which occurs at Consett, Co. Durham, 
consists of two beds of dirty white or greyish quartzitic sandstone, 
the upper bed being rather coarser than the lower and consisting 
chiefly of grains up to 0-16 mm. diameter. In the lower bed 
the grains are chiefly between 0-05 and 0-1 mm. diameter. The 
. cement, though largely siliceous, is rather impure, and abundant 
detrital minerals occur. The upper bed is ferruginous in parts, 
whilst mica is common in the lower bed. It is mixed with other 
silica rocks for use in the manufacture of silica brides. 

At Daddry Shield the ganister is pale bufl; in colour and very 
fine-grained, consisting chiefly of grains up to O-l mm, diameter, 
though a few may be as much as 0-3 mm, diameter. Heavy 
detrital minerals are fairly abundant ; mica is jmesent in small 
proportions, but felspar is absent. It is used for silica brick- 
making and, with the addition of clay, for ganister bricks. 

In Scotland, bastard ganisters occur in the Carboniferous 
Limestone Series in Peeblesshire and Lanarkshire. In Peeblesshii'c 
they vary from pure white to dark grey on account of the presence 
of carbonaceous matter. They consist of almost pure silica, the 
rock at Cairn Burn containing 9845 per cent, and that at Deepsyke- 
head 99 44 per cent. They contain practically no felspar or mica, 
though ferruginous and titaniferous impuriticis arc sometimes 
common. These rocks arc very refractory (Cone 30-37). Their 
texture is very fine-grained, the particles generally being about 
0-1 mm. diameter. 

In Lanarkshire the rocks are rather coarser and more micacic'ous. 
In some parts they also contain a considerable amount of (uilduin 
carbonate, which forms part of the intoi’stitial e.(Mncmt. 

In the Millstone (hit i^^eries the bastai'd ganisters occur chic'fly 
in Scotland. Those mined at Bonnybiidgc'. consist of light-colourcal 
and somewhat micaceous sandstones, containing 91-90 jK'r cent of 
silica, 0-20-0-30 per cent of alkalies, and O-O-If) pen- ('(uit of linun 
Felspar occurs in small quantities i]i sonu*. of tlu^ beds ; minuter 
particles of mica are, in ])laccs, abundant. They are msually v('ry 
fine-grained, consisting of j)articles from 0-()75 to'o-1 mm. diatmdc'r, 
cemented by siliceous and argillaceous material. 

The Scottish ganisters are used chiefly foi- making biicks, and 
as ground ganister for sti^el furnaces. 

The bastard ganisters of the Millstone Grit Series in Gumla^iiand 
consist chiefly of thin yellowish-white or pale grciy laminated 
sandstones, usually quite soft and friable, and generally containing 
some felspar and mica. Clay occurs in the cement, togcither with 
heavy detrital minerals. At Branthwaite the cement is partially 
calcareous and dolomitic. Carbonaceous matter occurs in all the. 
beds. In texture they are usually fine-grained, the particles 
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varying in size from O-l to 0-2 mm. diameter. At Workington mos 
of the grains are less than 0-1 mm. diameter. 

The Growstones of Cheshire consist chiefly of a hard, brittle, 
bluish-grey or buff rook ; in some parts they resemble Sheffield, 
ganister, but are much coarser. At Mow Cop, Cheshire, this 
material is pale buff in colour and consists of grains from O-l to 
0-2 mm. diameter. A few particles of chert occur, but no felspar. 
The Congleton bastard ganister is very similar to the Mow Cop 
rocks, but felspar is of more frequent occurrence. 

Ridgeway bastard ganister is pale yellowish-grey and very 
fine-grained (0-005 mm.). Betrital minerals, especially zircon and 
tourmaline, are fairly abundant, and iron compounds also occur 
in small proportions. It is very similar to the Durham bastard 
ganisters, but is not so compact as that in the Sheffield district. 

Litchfield ganister is similar to that at Ridgeway, but is more 
micaceous, abundant flakes of muscovite mica being present. 

A bastard ganister occurs in the Cefn-y-fedw sandstone at 
Trevor, near Ruabon, called the Chwarele ganister. It is greyish 
and consists of grains between 0-05 and 0-1 mm. diameter, associated 
with heavy detrital minerals, clayey matter, and sometimes with 
mica. 

The so-called ganisters of the Lower Coal Measures of Durham 
are really bastard ganisters ; they have a rather larger proportion 
of impurities and of alumina than the true ganisters of the Sheffield 
district. None of these “ ganisters ” possess the same fineness 
of grain or such density and hardness as the blue and black ganister 
of South Yorkshire, though portions of the rocks possess somewhat 
similar characteristics. 

The Durham bastard ganister consists generally of a pale grey, 
fine-grained sandstone, the grains varying in size from 0-05 mm. 
diameter to 0-15 mm. diameter (average about 0-1 mm.). In 
]flaees they are iron -stained, though generally the iron content 
is low. Tlie proportion of interstitial c-ement is usually small ; 
it is chiefly siliceous, and the impurities include felspar, mica, 
zircon, rutile, and brookitc, in addition to iron compounds and 
(iai'bonaceous matter. Fels])ar is generally present in only small 
(piantities, but mica is sometimes abundant, as at Knitsley Fell, 
Crook, ('onsett, and {Stanhope. >Some parts of the beds are very 
fi*(H^ from impurity, es])ecially at (h-ook, where it consists almost 
entirely of ])U]'e silica. At Hamsterley, to the south of Wolsingham, 
the cement is highly ferruginous in some ])laces, though in other 
])arts of the same bed it is siliceous. 

The |)encil-ganister occurring in the same beds at Crook, 
Hamsterley, and Knitsley Fell is a white or pale grey rock of fine 
texture, most of the grains being less than 0-1 mm. diameter ; 
the cement is chiefly siliceous and encloses a small quantity of iron 
and titanium com]munds and carbonaceous matter. Iron com- 
pounds are concentrated along the joints, giving local iron staining. 
Mica is moderately abundant at Crook. 
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The ganisters in this district are chiefly used for silica brick 
manufacture, and to some extent for “ ganister-mixture ” for use 
in steel works. 

Glossop’s ganister (Ambergate) is a bastard ganister of a bluish- 
white colour with very fine grains (0-05 mm. diameter), containing 
a considerable proportion of ferruginous matter and muscovite 
mica. It is much iron-stained along the joints of the rock. 

The bastard ganister in the Forest of Doan is yellowish in 
colour on account of the ferruginous matter ; it is quite soft and 
consists of grains up to 0-3 mm. diameter, coated with clay and 
deeply iron-stained. In the same bed occurs a harder and finer- 
grained rock, containing more felspar, ferruginous matter, and 
titanium-bearing minerals, as well as much clay. Both beds are 
used for ground ganister, which is supplied to iron and steel works. 

The Upper Estuarine Series has several beds of bastard ganister 
around Sheffield and in North Yorkshire. Thus, Oastleion ganister, 
found at Deepcar, near Sheffield, consists of a nearly white sand- 
stone of fine texture, most of the grains being about 0-15 mm. 
diameter. It has a considerable proportion of siliceous cement, 
and in places the iron oxide gives the rock a bufE colour. It is 
used for the manufacture of silica bricks, as a hearth -sand, and 
refractory mortar. 

The Pencil-ganister of Commondale consists of a dark grey, 
rather hard, fine-grained, quartzose sandstone, containing numerous 
carbonaceous streaks. It is very impure, the cement containing 
iron oxide and mica. Most of the grains are between 0-05 and 
0-1 mm. diameter. It has only been used for the manufacture 
of silica bricks on a small scale. 

The Hard ganister at the base of the U])])(U' Estuarine Eeries 
consists of a pale bufi;, moderately hard rock, having an (iven 
texture and consisting of grains averaging 0-2 mm. diaimdxs', 
though some are as large as 0-6 mm. diam(d-.ci'. The (loment is 
a siliceous material containing gi-ains of iron oxich; and soiiu'. 
tourmaline, but almost free from felspar and mic.a. This ganist(*r 
is used ])rincipally for the manufactur<5 of silica bihsks and also 
for the hearths of open-hearth furnaces. A softer and ixaldish 
bastard ganister, which occurs at some distance below tlu'^ Hard 
ganister, is not used c.ommercially. 

Fi‘om the foregoing statements it will b(i senm that of many 
silica rocks only a few deposits art^ comnu'rcially valuable as 
ganister, and that this term i-elates princif)ally to silicuious rocdcs 
having a .special texture. This is pifimarily due to the fine angular 
grains, surrounded by an almost ])in‘(', silicx^ous cicment, of which 
the true gaiiLsters are composed. In other words, the value of 
ganister is not characterised so much by its g(M)logical location, 
or by the rocks with which it is associatcui. as by tlu^ smallness ami 
anguhij'ity of the grains. 

Ganister is used for a variety of purposes, but chiefly foi- lining 
metallurgical furnaces and as the chief constituent 'of various 
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mortal’s, cements, and “ compositions ” used in laying firebricks, 
patching kilns, and for foundry work. Lump ganister is the 
coarsely crushed rock which is only used for rough work. Ground 
ganister — mixed with the requisite quantity of water — can be used 
in any form of furnace construction which will permit the material 
being rammed around a pattern or used in the form of a paste. 
It is largely used in iron-smelting cupolas, Bessemer converters, 
and crucible -steel furnaces, and as a moulding sand by steel manu- 
facturers. Ganister bricks are moulded out of a paste made by 
mixing ground ganister, lime, and water. Ganister mixture, 
pug -ganister, or compo is a mix We of ganister and 5-20 per cent 
of fireclay ; it is used for lining furnaces and for general foundry 
use, and also for patching and repairing kilns, furnaces, cupolas, etc. 

Puramachos is an artificial ganister consisting of powdered 
quartz, with about 10 per cent of clay and a little water-glass. 

Silica cements are made by mixing ganister, silica rock, or other 
siliceous material with a binding agent such as fireclay or water- 
glass. 

Ganister Sand is a term used for the sands occurring in the 
pocket clays of Derbyshire. Such sand bears some resemblance 
to crushed ganister, but is seldom used in the manufacture of 
pure silica bricks. It is often mixed with clay and used for semi- 
silica biicks, for which it is very suitable. (See also Pocket 
Sands, p. 134.) 

Garnet occurs in cubic cry.stals having a specific gravity of 
3 •4-4-3 and a hardness of 6|-7|-. It is generally reddish in colour, 
though dull green, emerald green, yellow, and black varieties 
also occur. In composition, garnet is an alumino-silicatc of calcium, 
magnesium, iron, or mangane.se, or a silicate of calcium and iron, 
or calcium and chromium, or combinations of any of the above 
substances. These differences in comiiosition give rise to various 
kinds of garnets, the chief being almandine, hessonite, s])essartit(i, 
pyropey rhodolite, and demantoid. 

Almandine is a imrplish-red variety found in the alluvial 
deposits of Ceylon and Minas Novas in Brazil, in the iniea-sehists 
of K.irshanga,rh and -Jaipur States of India, and in gneisses, schists, 
and gi'anites in Noi'th America, ])articula.i'ly in the. Adirondacks. 
JlesMOuile is a ])al(! brown or yellovvish-i'ed variety found in tlu^ 
gem gravels of Matui'a district, (hylon, Sj)e,marlil(‘ is a. red or 
brownish-red garnet which occurs in assotuation with mica in tlu^ 
granites of Amelia in Virginia, U.S.A., and in the gem gravels 
of Ceylon. Pyrope is a crimson garmd- found in ])eridotite and 
ser])entino rocks of Northern Bohemia, and alluvial gravels at 
Santa Fe in New Mexico and North- East(>rn Ai'izona, where it is 
known as the “ Arizona ruby.” In South Africa, where it occurs 
associated with Kimberlite, it is knovai as “ Ca])e ruby.” Rhodolite 
is a pale red or violet-coloured garnet found with rubies in Macon 
County, North Carolina, and at Dewalegama in Ceylon. Demantoid 
i.s a yellow or emerald-green garnet which occurs in serpentine 
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at Bobrovka in the Ural Mountains, associated with chrysotilo 
asbestos. Melanite is a black garnet containing titanium compounds, 
and is found in syenites and phonolites. Topazolite is a honoy- 
coloured garnet. 

Small quantities of garnets are very widely distributed, the 
chief sources being India, Ceylon, the United States, Brazil, Spain, 
and Russia. 

Garnets also occur in Warren Co., New York, associated with 

hornblende and fel- 
spar, from which they 
arc removed by wet 
concentration. A 
granite rock contain- 
ing 40-50 per cent of 
garnet occurs in 
Merrimac Co., New 
liampshire, togethei' 
with quartz and biotite 
mica, from which it is 
separated by crushing, 
screening, and dry con- 
centration. In Tra- 
vancore, India, garnet 
is abundant in the 
beach and river sands, 
whilst in Almeria, 
Spain, it is also found 
in alluvial deposits. A 
typical garnet sand is 
shown in h''ig. ,3. 

The finest garnets are used as gem stoncss, whilst tlu'- inlVrior 
varieties are used as abrasives ; the lattes’ are diicdly (h^i’ivevl from 
India, Spain, and America. 

Garnet is superior to sand as an abrasive’, but is inlurior to 
emery in hardness. The powdeu’ is used for cuitting genus anel is 
also applied to paper, and so u.sed for snu)e)thing we)e)elvve)rk, seeeeuring 
leather, etc. In North America it largely re’placics ennen-y. 

Gas Sands are those coirtaining or yiedeling a natui’al gas. 

Gem Gravels and Sands of gi'cat ecee)ne)mie; impeertiine’C aree 
produced by the conccntratie)n e)f heavy minen'als within a small 
area by jueans e)f the action of water whieli teniels te) e;ai'ry eeff the', 
smaller particles and those of le)w H])ee!ifi(! gravity, le'aving ii re\sielue' 
rich in the minerals of highc]’ specifie! gravity. The ])rineiipal 
deposits ai’c those containing diamonds, riibiees, sapphire\s, anel 
emeralds. 

Diamond beds are the most im]n)rtfint e^f suedi ■|)]acor de'pe)sits 
containing valuable gems ; they arc widely distributed, theuigh 
in most places the proportion of diamonds is too le)w to makee tlunr 
recovery profitable. The oldest diamond workings known arc in 
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the river gravels of India, particularly at Nizam il 
M adx'as presidency, at Sambalpur and Warragarh in the Cen 
Provinces, and at Nagpur and Panna in Bundelkhand. These 
woi’ld-iamed Indian deposits now contribute little to the present 
supply. 

I ho South American gem sands in the States of Minas Geraes, 
Goyaz, Bahia, Matto Grosso, Parana, and Sao Paulo form an 
abuiidant source of diamonds. In Diamantina they occur in 
detritus from micaceous sandstones containing quartz and clayey 
matter with pyrites and tourmaline, but in other localities the 
diamonds are associated with gold, monazite, rutile, anatase, 
brookite, magnetite, haematite, ilmenite, etc. In the State of 
Bahia luost of the diamonds are of the carbonado variety. 

Afiiea now provides the greater portion of the world’s supply 
of diamonds, which are obtained partly as gem gravels and sands 
am I ])artly from mines in intrusive igneous rocks. In the Vaal 
River basin on the Great Namaqualand coast of South-West Africa 
the diamonds are scattered through sand and gravel, though in 
some yilaces they have been concentrated by the action of winds. 
Those deposits consist chiefly of lava, agate, chalcedony, jasper, 
and quartz. The diamonds occur in association with ilmenite, 
garnet, zircon, mica, and a banded rock termed “ bantam,” which 
is really a spessartite-andahisite rock. On the west coast of Africa, 
ill the 1 )(m 1 of the river Jiblong, largo quantities of diamonds are 
found associated with kyanite, corundum, zircon, diopside, rutile, 
ciiromite, magnetite, ilmenite, haematite, liinonite, p^nites, and 
gold, tlu'se (U^posits having been derived by the concentration of 
lieavy miiu'i'als from disintegrated metamorphic rocks.^ 

I’Ik^ gi'('at('r pi'opoi'tion of the diamonds in South Africa are 
obtained l)y mining an altered basic igneous peridotite, known 
a.s “ blue ground ” and “ yellow ground ” according to its colour, 
which indicates tlu^ extent of its deconqiosition, the blue ground 
b(‘lng tb(' least weathered. Tliis rock is jirobably of Lowin’ 
( V('tac('ous ag(' ; it ocimrs in large pijics and dykes, the diamonds 
bi'ing associated witli sm'jientine, ilmenite, garnet, dio])side, 
(mstatiic', phlogopiti’., i)icotite, ami zircon. The ])rinci])al pi])es 
ai'(^ around Kimlx-rhiy, some being as much as 2()() yards wide 
ai- th(‘ surbu'i', tjiough the width decrea.ses with the depth. They 
Inive bemi worki'd to a de[)th of over 2500 ft. Th<^ average yield 
is about 200 milligrams of diamonds per ton of good rock. The 
yi’llow ground having bemi more wiaithered than the blue ground 
is (aisy to work, being quite friable and equally as rich in diamonds. 
Tiu' origin of tlu^ Kimbea’ley diamonds is oliscurc ; })ossibly the 
carbon was derivi'd from ileep-seated basic igneous rocks and 
crystallisi'd out as the pipes cooled down. Other diamond mines 
in (South Afi’ica occur in Gricpialaml West, and at Jagersfontein 
and KoCfyfonti'in in the Orange River Colony. 

In Australia diamonds are found in drift gravels on the Cudegong 

^ Hatch, Geol. Mug., 1912, lOG. 
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river, near Mndgei, and at Bingera and Inverell in New South 
Wales, and rarely at Echunga in South Australia, and at Bceeh- 
worth in Victoria, 

Diamonds are found in association with gold in North Carolina, 
Georgia, and California, and with platinum in Oregon, and also 
in an altered intrusive peridotite near Mui'freeshoro, Arkansas. 
In British Columbia small crystals are found associated with 
chromite in peridotite at Olivine Mountain. 

In Borneo diamonds are found in alluvial clays, river sands 
and gravels, and also in an Eocene conglomerate. The gems 
are associated with corundum, pyrites, gold, and -iilntimim, ll'.f 
matrix consisting chiefly of quartz, together with •'umc I'liigmcni-. 
of igneous and metamorphic rocks. ^ 

For information on the properties and uses of diamonds see 
under Diamond, p. 96. 

Rubies and sapphires (corundum) usually occur in association 
with spinel and quartz, and, on account of their higlily rcvsistant 
character, are very often found in river sands and gravels ])rodu(;tal 
by the disintegration of older rocks, and by the eonccnitration 
of the heavy minerals. Sapphires are found as rolled (crystals 
and pebbles in detrital deposits in Ceylon, and with rubies in LJj)])(‘i' 
Burma. In Ceylon they occur in association with zircion, 
tourmaline, spinel, corundum, garnet, ilmenite, rutile, cdirysoheryl, 
geikielite, picroilmenite, thorianite, thorite, monazite, fergiisonite, 
and baddeleyite. Cassiterite and gold occur to a very limited 
extent.^ 

Large sapphires are found in the Zanskar range', of tlue Himalaya. 
Mountains, whilst dark-coloured stones occur in the provinces of 
Battambang in Siam. 

Rolled sa])phiros are also found in phu'cr d(^])osits near Ih'k'iia 
in Montana, U.S.A., in Brazil, and in the gold drifts of New South 
Wales and Victoria. 

Rubies are distributed less widely than sap))hires. 'I’he most 
important source of rubies is Mogok in U|)|)er Burma, where (Ikw 
occur in placers (known locally as byon) which have In'C'ii produee'd 
by the disintegration of a white orystalliru^ limestoiui inierfoliaied 
with gneiss. The so-called Australian rubies, Adelaid(^ rubic's, 
and Capo rubies arc usually garnets. 

Artificial rubies may bo ma(l(^ by fusing aluDiina. and red lead 
together with 2-3 ])cr cent of jmtassiuin bie.hromab^ in a. liri'clay 
crucible. Sapphires are made in tlu'. same way, but with the addition 
of a little cobalt oxide. Gems of siqx'i'ior (]uality a,r(' ol)ta.in('d 
by fusing small quantities of the sanu'. materials in an eka-trie are, 
the gems being “ built up ” as successive laycan a.r(i fuscal on to 
the primary particles. (Sec also (hrandum, p'. 93.) 

Other gems found in sand, and gravel d(q)osits inehuh' andaluHitc, 

^ Borneo : Itn Origin and Mmeml Rcso'nrrcn, Iratw. ft'oin (Uinimii by 
F. H. Hatch, London, 1892, y). 285. 

® Ceylon Adminislraliva Rejm-ls, 1903-1909. 
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which, is associated with topaz in Brazil placers, chrysoheryl, w — 
occurs in association with amethyst, tourmaline, garnet, spinel, and 
topaz in Brazil and Ceylon, and ccirdierite and zircon, which also 
occur in Ceylon. 

Garnets are described separately. (See Garnet, p. 111.) 

Glacial Sands are really of fiuvio-glacial origin, and appear to 
have becin foiuned by the action of water derived from the melting 
ice upon the materials brought down as a direct result of ice action. 

Glacial sands are generally brownish in colour, though this 
is not always an indication of a large percentage of iron. In many 
cases it is due to the presence of a peaty matter which tends to 
reduce the proportion of iron (see Carbonaceous Sands, p. 90). 
The glacial sands between St. Helens and Orraskirk (Lancashire) 
arc^ of this character, the proportion of iron, according to Boswell, 
being only about 0-05 per cent, although they are dark brown in 
colour. Tlu^ i)ercontage of silica in these sands is 96-97 per cent. 

Glacnal sands are generally rather coarse and irregularly graded. 
Boswell found that the majority of the grains are between 0-25 
and ()-5 mm. diameter, the deposits between St. Helens and Ormskirk 
containing about 12 per cent of particles smaller than 0-25 mm. 
diameter, whilst those of Scunthorpe, Lincolnshire, contain 7-6 per 
c(uit smaller. Some, however, are much finer, those in Durham 
containing (53 -4 p(T cent of grains between 0-1 and ()-25 mm. and 
32-9 per c.cnt still smaller, whilst the sands at Liston, Suffolk, 
contain 47-8 p(s- (!cnt smaller than 0- J mm . The grains arc generally 
fairly atigular, as little I'olling or rounding action has accompanied 
their formation, the movennent being more of a sliding nature 
which t(uids to prodiuic angular grains, whilst the distance travci’scd 
is not siiflicicmt to rub off the sharj) corners. Glacial sands arc 
junch l('.ss rc^giilar than those formed wholly by running watcu-. 
In sonu'. easels roumhal grains do occur, l)ut these arc oft(‘n dcuavcul 
from |)r(n'iousIy existing sedinumtary ro(^ks. In (iumbei'land and 
Laneashir(i deposits of this hind ocamr, tlu^ matei'ial having Ixh'u 
derivcxl from tlu^ dh'ias and otlu'r mon^ amdemt foi’inations. Glacial 
sa.nds usually occur in association with boulder clay. d'h(>y oft(Ui 
oecair in h^ntfeular massc's in the clay, and consist ol angular grains 
of (puiitz, tog('th('i- with variabhi (sonu'times larg(') (|uantities of 
hea,vy nunerals, imduding gai-mt., iron onss, tourmalimu hornbhuKh', 
aaigite, hyptu'stheiKg zircfon, rutile, kyanit(*, staurolit<‘, and a small 
amount of andalusite. 

Glaciaf sa,nds ai'c us(xl for various pui-pos('s, Sonu^ of the 
pur(‘st ghu'ial sands of Lancashire and of Ireland aix; us('d foi' the 
iminufaetuix' of glass botth's, and those of Ipswich for stead easting. 
Th(' h'ss pure' anel inlerie)i‘ sanels are useel fe)r buileling and e)ther 
purpe)sees feei' whie'h. a pure sanel is unnea!e'ssary. Tlmse' ed Durham 
anel Seaintheei'pe (Line's) are^ used as me)uleling sanels. 

Glass Sands are the)se useal in the manufacture eef various kinels 
of glass anel are usually ve'-ry ])ure, containing at least 98'5 per cent 
of silica and little or no iron compounds. 
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Table XVIII., compiled by Boswell, shows the geological 
position of the principal glass-making sands in this country. 

TABTiifl XVIll. — T hk Dr-STiiiBUTroN of Glass Sands 


Geological Poaition. 

Nanic of Saiicl. 

T.()(^ality. 

Shore and Blown 
Sands. 

Glacial . 


Crank, Bainford, etc. (Lancs). 

Upper Boceno 

Headon Hill Sands 

Alum Bay, Isle of Wight, etc. 

Barton Sands 

Ford ingl)ridgo (Hants), Long- 

Lower Eocene 

Thanet Beds 

down, Now Forc^st. 

Obarltoii (Kent), HocbeslcM- 

Lower Cretaceous 

Lower Greensand 

(Kent). 

Aylesbury (Bucks), Aylcs- 


Tunbridge Wells Sand 

ford (Kent), Oodstoiu^ 
(Surrey), Hollingbournii 
and Biuu’sted (Kent), 
Leighton Buzzard (Bods), 
Lynn (Norfolk), O.xiod 
(Surrey), Reigate (Surn^y). 

Ashurstwood (Sussex). 


Ashdown Sands 

Fairligbt and Bulvcs'liylli 

Middle Oolite 

Kollaways Beds 

(Sussex). 

Burytborpo and Souib Gave 

Lower Oolite 

Upper Estuarine Bods 

(Yorks). 

Huttons Ambo (Yorks). 


Lower Bstuarino Beds 

Corby (Nortiiants), Dcniford 

Upper 'Frias . 

Kouper Watorstonos 

(Nortliants). 

Spital (t!b(^slure), Alderley 

Lower 'Tria.s . 

bower Bunter Sands 

Fdge (Ohesliiro). 

Worksop (Nolis). 

Carboniferous 

Goal Measurers 

Giiiseley (Yoi'ks). 


Carbon i fere us Lin lo- 

Meld (Flinlsliirip, Miiuu'a 


stono 

( 1 )('nl)igh). 

Lower Ordovician 

Ansiig 

Stipcu'sf.oiies (Shi’opsbire). 

Uouhtful (pro- 

Pocket Sands 

I'arsley Hay (Derbyshire), 

Glacial) 


Hrassington ( I ler'byshii'e), 



bow IMoor ( 1 Icrpysliii'Ci), 
Rihilcn (SlalTs), .V'hergi'le 
( 1 liMthiglishire), Rlu's-y-cao 
( l^’linlshire), etc. 


The (ihief of tlie IkmIs incntioiicd occ^ui’ in llu' liowci' ( 'i'(‘l,a,('('()us 
formation, and c!oin))riso tlu' bower ( Jn^emsand, Tun[)i'i(lge Wells 
Sands, and Ashdown Sands. Theses beds ar(i us('d for tlu' Ix^st 
(|uality of glassware, the other formations in most ea,s('s being 
only suitable for inferior glass, hor fni'ther information on glass 
sands sea; W)!. 11. Cha])ter XII. 

Glauconitic Sand is so called on u.c-.eount of tlx^ ])r('S(Mi('(' of tlu^ 
miiK'ral gdauc.onite-, an amorphous, granulai', or (sirthy hydi'ous 
potassioferric silicate of very varial)le composition, fre(jn('ntly 
containing also alumina, magnesia, and lime, found ('.xclusivcd'y 
in deposits of marine origin, as in the Greensand beds of the 
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Cretaceous System. Pure glauconite is green in colour, but the 
sand-beds are not necessarily green, as iron and other impurities 
sometimes give them a brown colour which masks the green of the 
glauconite. 

Glauconitic sands are sometimes used as fertilisers on account 
of the phosphatic matter they contain, and also for recovering 
potash, but otherwise they are of no special use. 

Gold Placers are alluvial deposits of sand and gravel containing 
a large proportion of heavy minerals, including metallic gold. 
They are more widely distributed than any other valuable mineral 
])lacers, and arc formed in two ways : (i.) by siirface denudation, 
whereby the rock containing the metallic gold is disintegrated and 
the lighter material carried away, leaving a concentration of heavy 
minerals, either on the surface of the rock or at the bottom of some 
slo ])0 in the vicinity ; (ii.) by fluviatile action, whereby much of 
the lighter materials have been removed and the heavier ones 
concentrated in river beds and lakes. The most im])ortant dejoosits 
are those of the sccund class, the gold being usually most abundant 
amongst the coarser gravels at the base of the de])osits. In some 
cases natural riffles arc ])roduccd by the u])turnc(i edges of rocks, 
and in the beds of clay or sand cemented by iron compounds which 
sometimes alternate witli the gravel beds. 

Gold usually occurs in association with heavy detrital minerals 
such as magnetite, ilmcnite, haematite, ehrojuitc, garnet, zircon, 
spinel, ct(\, forming what are known as ‘‘ black sands ” (p. S2). 

The gold consists of grains of various shapers, sonui being thin 
scales or Hakes, whilst otlier grains are roundctl or iri-egular. Their 
size varies from that of the iinest dust to large nuggets oi' “ jxibbles.” 

Gold plafau's are chiefly found in the Recent and Phustocamc 
fleposits of (California, Alaska, Australia, and >Sibcu’ia, but they 
also occur in many other geological formations, as on tin; Gold ( Coust, 
Africa!, and also in the H’ransvaal — wIum’c', gold occurs in aaicicuit 
placers whic-h have been consolidatcHl and aftiunvards covcu’C'd l)y 
otluu' l)('(ls — in Russia (Ural Mountains and Siberia), and in Ca-iuida, 
particadarly in British Columbia and Nova Scotia.. \I‘ry small 
(piantitic's of gold have b(aui found in vailous localiiit's, including 
Wal(!s, and ('ven sea-vvat(u' ndains a small |)ro])()rtion in solution. 

d’lu' gold drift d('i)osits of Australia consist of gravels, sands, 
and clays, placed (piitc' irregularly and containing la,i'g(i bould(u-s 
of cpiartz suri'ounded by gokl-l)earing sand and graved. 

In (Alifornia the gold-beds lie at tlu' basc^ of tlu' wcestern 
flanks of tlu; Sieu'ras and consist of loose sand and graved, e'oveu’eel 
by sheets e)f‘ basalt anel extoneling seemetimess te) a height e)f 2000 ft. 
a'beeve seui-lewed, with a thickness of 200 to (500 ft. The uj)])er 
part e)f the; heels ce)nsists of a reddish le)am mi.xeal with small gravel, 
below Avhich is a c,e)arso gravel with numerejus boulelers chiefly eef 
quartz. The ge)ld is scattere;d through the gravel, but is found 
chiefly in the lower part of the bed. 

Gold-bearing beach sands are due to the movements of the 
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sea having concentrated the heavy particles and separated much 
of the lighter material. The gold in these deposits is usually 
associated with a black iron-sand, though in some places, as at 
Cape Yagtag (Alaska), garnets replace the iron-ore. Beach placers 
also occur in New Zealand, Oregon, and Chile. 

The sand is of no serious value when the gold has been removed, 
and prior to its removal the value of the sand is solely dependent 
on the cost of extracting the precious metal. It is obvious that 
if 1 oz. of gold costs £4 to recover in a pure state whilst the market 
price for the metal is below this figure, the sand under consideration 
is of no value as a gold-bearing material. 

Green Sands are chiefly due to the presence of the mineral 
glauconite as a film or coating on the grains of quartz and other 
minerals present. It may also be due to the [)reHenee of an 
exceptionally large proportion of certain hydrous magnesian 
silicates such as chlorite, talc, or serpentine. Hornblende, olivine, 
etc., may also give a greenish tinge to sand, though usually tlu^y 
are so easily decomposable that they are removed from the sancis 
by various natural influences. 

Greensand is the name applied to the marine beds lying below 
the chalk of the Cretaceous System. It takes its name from tlu*. 
green grains of the glauconite (p. 180) which it contains, but the 
name is somewhat misleading, as the general colour of these sands 
is brown. The occurrence and distribution of these beds have bcum 
described on p. 61. The Lower Greensands are of great (iom- 
mercial importance and include the Folkestone, Aylesbuiy, Lcughion 
Buzzard, and Sandringham sands. 

The Folkestone Beds, wJiich are the highest in the Lowei' Cr('eii- 
sand, coiisi.st of white or cream-coloured sands containing about 
99 poT' cent of silica. The ]nirest Ixals occur at Codstone in Surrey, 
where some of the sand is almost pure^ white, though in i)laces it 
is contaminated by iron stains. According to lloswedi, tlu' Ixvst 
qualities contain about 99-r)() pen' cent of silica and O-Ofi peu' ct'nt 
of iron oxide. The iron-content is rather liigh at Codstoiu', com- 
pared with parts of the luxl in otiu'r localitic's, but tiu* Codstoiu^ 
sand is more uniform and even-grained. At Itcigatc. tlu^ pro- 
portion of silica is rather lower, b\it the ])erc(*ntag(‘ of ii'on is oidy 
0-02. This is duo to the fact that the ii'on compounds arc con- 
centrated into patches, thus leaving the i'('st of tlu; material with 
a smaller ])roportion of ferruginous matku'. A small (|uantity 
of calcareous matter is also present in the: H,(ugate sand. At 
Westerham (Surrey) the beds are rather impure and of infcuuor 
quality. At liollingbourne, Bearsted, and Ayh^sford in K(mt th{> 
iron-content of the best portions of the IkxIs is about ()-04 per c(mt, 
the general colour being from nearly white to crcuiin, tlie lattcu' 
predominating. Both the Reigate and Aylesford sands contain a 
small quantity of calcareous matter. At Rugate (Sussex) cialcareous 
matter occurs in patches in the sand. 

The principal mineral impurities in th(i Folkestone Ixxls are 
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common to most Greensand beds and are principally tourmaline, 
kyanite, staurolite, ilmenite, zircon, rutile, and limonite. Muscovite 
mica also occurs to some extent. Tbe proportion of heavy detrital 
minerals is generally quite low. At Hollingbourne and Bearsted, 
Boswell found less than 0-03 per cent of such minerals present in 
the sand. 

The texture of the Folkestone beds is generally fairly uniform 
and line. According to Boswell, at Plollingbourne and Bearsted 
about 94-6 per cent of the grains are between 0-25 and 0-5 mm. 
diametei-. At Aylesford, Reigate, and Godstone a rather larger 
proportion of liner grains occurs, about 14 -5 per cent of grains 
between 0-1 and 0-25 mm. diameter being present in Reigate sand, 
16 per cent in that at Aylesford, and nearly 26 per cent in that 
at Godstone. At Oxted and Limpsfield the beds are rather coarse, 
there being about 12 per cent of grains over 0-5 mm. diameter 
and little more than 1 per cent under 0-25 mm. diameter. 

The amount of fine “ clay ” present in the beds varies in 
different localities. In most cases Boswell found less than 0-5 per 
cent, but at Reigate about 2 per cent is present. 

The Folkestone bods are used for various purposes according 
to their purity. The best qualities are used for glass-making. 
The Reigate sand is used principally for sheet glass and laboratory 
glass-ware. Common glass has been made from the deposits at 
Hollingbourne and Bearsted, but at present they are not used. 

The ])oor('.r qualities of sand, which contain a higher proportion 
of iron, are used foi' building ])urpose.s, abrasive soaps, and as 
silv(M' sand. 

The Aylenburij Aand is one of the whitest and juirest sands in 
this e.onntry ; it occurs in beds about 18 ft. thick, in association 
with iron and carbonaceous matter, these materials s]4itting the 
white sand into beds 4-6 ft. thick. Aylesbury sand is vei-y simihu- 
to those of Fontainebleau (France) and contains, actcording to 
Boswell, !)!)-8 per cent of silica and only ()'()3 per cent of ii'on oxide. 
The usual mineral impurities of the Greensand f<u'mation are 
present in small (piantitics. It is very uniform in tcxtuiv, over 
78 |)cr cent of the grains being between ()-2r) and 0-5 mm. diameter, 
whilst about 15 per cent are between O-l and ()-25 mm. diameter, 
and about () i)er cent between O-Ol and ()•!. A typical micro- 
photogi'aph of Aylesljury sand is shown in tig. 4. It is chicliy used 
in the manufacture of Hint glass. 

The Leii/hlon Buzzard Handu vary frcmi nearly pui-c white to 
pale yellow' sands associated with cai'bonaccous mattc'r to highly 
feri'uginous deposits. The best beds of pale sand ■ contain, 
according to Bosw(dl, about 99-6 per cent of silica and 0-2 j)er cent 
of iron oxide. The impiu-ities present are practically the same 
as in other Lower Greensands. 

The texture of the Leighton Buzzard sand is somewhat coarse ; 
Boswell found that 20-50 per cent of the material consists of 
grains between 0-5 and 1 mm. diameter, and 17-86 per cent 
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between 0-25 and 0-5 mm. diameter. There is practically no 
“ clay ” present. It is a very pure sand from a mechanical 
standpoint, there being sometimes only 0-1 per cent of material 
which is not true sand. 

The best qualities of the Leighton Buzzard sand are used for 
glass-making. The coarser sands are principally used for filtering 
purposes, the manufacture of concrete, and for grinding, whilst 
the parts which contain too much iron to be used for other purposes 
are suitable for building. Some of the sand is used for casting 
in foundries. 

Lynn or Sandringham Sand is found in the Lower Greensand 
beds to the east of the Wash in Norfolk (p. (14). It occurs in 
the Sandringham sands formation, and is worked at various ])laccs 

around King’s Jjynn, 
including Middleton 
and Gay ton. The sand 
varies in colour fi'om 
grey to reddish, the 
purest beds containing, 
according to Boswell, 
about 91) per cent of 
silica and 0-()4 per cent 
of iron oxide, and are 
thus rather richer in 
iron than the Ayles- 
bury sands. Lynn 
sand is also ratluu' 
coarser, most of the 
grains being betweam 
0-25 and ()-5 mm. 
dianudas'. 

Th(' texture^ of 
Ijynn sand is v(tv 
rema,rkabl(x Accord- 
ing tiO lh)s\\'('II, i(. is 
the most even-grained glass-sand in tlu^ country, (^spcanUlv tliat 
found in the vicinity of Middleton, vvhic-h contains about 1)5-1 pc-r 
cent of grains between 0-25 and O-b mm. dia,in(‘t('r. It is ratluM' 
richer in iron than may be (k^sirable, but is liighly valiual. d’lui 
heavy detrital minerals presemt are characteristic of" tiu^ Greemsand 
formation generally, tlioiigh Boswell states that tlu- (h-posit is 
rather richer in felspar than most of tlu^ Gi'(‘('nsa-nds and that 
garnet (xtc.urs to a small extent. 

The Lynn sand is very uniform in (|Ualitv. It is us('d for various 
]-)ur])()ses, including foundry moulding, l)uiiding, glass-making, (‘tc. 
The purest beds are used for glass ; sonui of tlu^ red sand wliich 
occurs extensively in these hods is us('d in tlie manufa(t.ur(^ of 
black bottles, wliilst the j)alo sands are used for window-glass, 
plate-glass, laboratory ware, electric lamp bulbs, bottk's, etc. 
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- Near Gayton the sands are more felspathic and contain onl}. 
about 97 per cent of silica. The proportion of iron compounds 
is also considerably higher, being almost 0-19 per cent, and rather 
less true sand is present. Glauconite is disseminated through 
the sand usually as a coating over the silica grains, but in places 
it is concentrated into greenish seams. The Gayton sand is largely 
used for the manufacture of glass bottles and also for the hearths 
of Siemens open-hearth furnaces. 

Grey Sands are of no particular value, but if their grey tint 
is due solely to carbonaceous matter and the sands are otherwise 
pure they may be used for glass-making, foundry -work, etc. A 
grey sand should always be tested for calcium carbonate prior 
to making an extensive examination, as limestone dust is of little 
value except in coal mines. 

Hastings Sands comprise the beds between the Purbeck strata 
at the top of Oolite formation and the Wealden beds. They include 
the Tunbridge Wells sand, Ashdown sand, and Fairlight clay, 
and occur in the north-east of Sussex and the south-west of Kent. 
Their occurrence and distribution have already been described 
(p. Gl). 

The Tunbridge Wells Band occurs at the top of the Hastings 
beds immediately below the Weald clay in the neighbourhood of 
Tunbridge Wells (p. 61). It consists of a creamy-white sand 
containing, according to Boswell, about 99 per cent of silica and 
O-Ol ]ier cent of iron oxide, the colour dee]Dening slightly on burning. 
About 85 per cent of the grains are between 0-1 and 0-25 mm. 
fliauudc'r, and there is rather a higher proportion of dust than in 
the Ashdown sand, which occurs in the same formation, the 
])ro])ortion of grains less than 0-01 mm. being 2-5-3-() per cent. It 
also contains a rather larger percentage of heavy minerals (about 
0-24 ])(U' (iont), the ])rincipal ones found by Boswell being zircon, 
riitih^, ilmenite, and tourmaline. Muscovite Hakes, glauconite, 
iuid anataso also occur in small quantities. In plac(‘s, tlu' sand 
is hardened, forming a soft sandstone as at Asliur.stwood, near 
Fast (Irinstead. 

Th(^ Tunl)ridge Wells sand is used foi- glass manufacture. 

Ashdown Bands form one portion of tlu‘ Hastings Ix'ds and 
ocunir ehicdly around Paiilight and Hastings in association with 
lignite (p. Gl). Tlu^ sand is ])ure white' and contains less than 
0-()2 per cent of iron eom])ounds, this very low iigure being due 
in all probability to the reducing action of the carbonaceous matter 
usmilly associated with the sand, whereby the ferrous salts are 
largely removed in solution by ])ercolating waters. Boswell gives 
tine following ehemic'al analysis of the sand near Hastings : 


Silica 

Alumina 

Ferric oxide 

Lime 

Magnewia 

Loss on ignition 


!)n-47 ])er cent 

' 0-()()2 
U’2<) 
trace 

0-20 per cent 
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This sample is almost as pure as the best Fontainebleau sand ; 
on burning, it has a slightly pink colour. It is very even-grained 
and consists for the most part of grains between 0-25 and 0-5 mm. 
diameter, there being only 16 per cent smaller than 0-25 mm. 
According to the mechanical analysis by Boswell, there is about 
99-8 per cent of true sand (i.e. grains between 0-1 and 0-5 mm.) 
in the deposit. This consists chiefly of fine quartz grains together 
with a very small proportion of heavy minerals (about OOl per 
cent), including magnetite, limonite, ilmenite, chhdly altered to 
leucoxene, brown tourmaline, zircon, rutil(^, and jnuscovite. 

At Bulverhythe the sand is very similar to that ])reviously 
described, but is rather richer in iron compounds. Bosw(ill found 
that the grain-size of the bulk of the deposit is approximatcdy 
the same, but there is a greater proportion of both the finest and 
coarsest grains, the total percentage of particles between 0-1 and 
0-5 mm. being about 99 per cent. 

Ashdown sand is largely used for glass manufacture, some 
parts of the beds being equal in equality to the best French glass- 
sands. 

Infusorial Earth is a sand consisting of the siliceous remains of 
diatoms and other living creatures. (See Biatomaceom Earth, p. 96). 

Iron Sands are black and brown sands w'hich are rich in iron 
compounds. Black iron sands containing the magnetic iron oxid(>, 
occur on the shores of the river Natashkwan, which flows into the 
Gulf of St. Lawrence about 530 miles north-east of Quebec. 'Tlu' 
sand occurs in patches in the dunes and sandy beaches on a long 
peninsula between the river and the scui, to tlu^ noi-th-east of its 
mouth, and continuing for a distance of six to edght miles eastwards 
along the coast. The iron-bearing mah'rial has beam conccmtralcd 
by the action of the river’s normal cunamt, tlu' incoming tide, tin- 
outgoing tide, and the winds blowing citlun- up or down stiaaun. 
The crude sand contains about 14-7 p(‘r c(mt of iron o.\id{^ and 
4-43 per cent of titanic; acid. The dc'posits have' not been worked 
to any great extcnl, but an iuveastigation was made' upon ihcmi 
in 1913 by the (!anada Department of Minces, Oltawa. Id'rruginous 
sands occur in the; bculs known as N ortho iiiploti /SV///c/.s' (|), 59) 
and are in some cases uscal as a source' of ii'on-orc'. 

Other iron sands have; not bca'ii fidly inviwiigatcd, but unless 
they arc; as ric;h in ii'on oxide as a good iron-ore ilic'y arc- of no value' 
as a source of that nu'tal. Dsually, th(;y cam onl}' bc' tisc'cl for 
building and agricultural purpose's. 

Tlu; pi'c;Henc,e of iron sands in otJu-r pur(;r sands is a sc'rious 
(k'ii'iinc'id. to the latter and ouc* of the; chic'f rc'asons why so many 
sands are; of no serious cominerceial viduc'. A typic'al iron sand is 
shown in big. 5. 

Jurassic Sands, sc;c; Oolite Eandn (p. 132) and Lia.s Sand.s (p. 1 2-1). 

Kellaways Sands occair bc'low the; Oxford (3ay of the' Oolitic; 
fornuition. Thc'ir oc‘C‘urrc'nc;e and distribution have; alrc'ady bc;('n 
deserilK'd on p. 58. Tlu;y vary in colour from nc'.arly white to 
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brownish, a pale brown being the predominant tint. The pro 
portion of iron oxide varies in different localities. At Burythorpe, 
near Malton, Yorks, up to 0-22 per cent together with about 
1-6 per cent of alumina and some quantity of calcareous matter 
was reported by Boswell, who also found that the mineral impurities 
present in the Kellaways beds are typical of the Inferior Oolite 
rocks, and consist chiefly of magnetite, ilmenite, garnet, rutile, 
zircon, staurolite, tourmaline, and muscovite. Towards Sancton 
the amount of mica present is considerably increased. 

The Kellaways beds vary in texture in different localities, 
though that at Burythorpe is quite uniform and rather fine. At 
Burythorpe and Levening, Boswell found that approximately 
equal proportions of grains lie between 0-1 and 0-25 mm. and 
0 -25-0 -6 mm. diameter 
respectively. At South 
Gave, however, over 
90 per cent of the 
grains lie between the 
sizes 0-1 and 0-25 mm. 
diatneter. The propor- 
tion of “ clay ” present 
is generally less than 
1 per- cent. 

The sand at Bury- 
thorpe has been used 
in the past for glass- 
making, but it is not 
at present being 
worked. At South 
(Jave the Kellaways 
beds are mixed with 
those fi'om the Kstu- 
arijK'. Sei'ies and used 
as moulding sand. 

Keuper Sands occur 
above the Bunter Beds in the Triassie System and consist 
largely of marine and aeolian material. Tluur oceui'i'cmee and 
distrii)ution have already been deserilKxl on ]). 52. Most of the 
sand-bearing material in the Keu])ei' Sericss consists of solt greyish 
or white sandstones, the principal beds being tlu* Ktmper Water- 
stones, which occur chiefiy in Gheshire (p. 53). Near S])ital 
the sandstone is cream-coloured and yields a sand containing 
(according to Boswell) about 94-6 per cent of silica, 3 per cent 
of alumina, and about 0-06 per cent of iron oxide. The high pro- 
portion of alumina is due to fels[)ar and clay, and is characteristic 
of the Keuper beds. The alumina renders the sand specially 
suitable for the manufacture of bottle-glass on account of the 
strength which it imparts to the ware. Other heavy detrital 
minerals occur up to about 0-06 per cent and include ilmenite, 
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magnetite, tourmaline, zircon, rutile, and anatase. The bulk^ of 
the grains are between 0-25 and 0*5 mm. diameter. The proportion 

of “ clay ” separated 
mechanically is gener- 
ally loss than 3 per 
cent, whilst the total 
ainoimt of true sand is 
about 90 ])or cent. 

At Aldcrloy Edge 
in Ohoshiro thoi’c arc 
large ti])S of sand from 
the Kcuj)or Water- 
stones which, accord- 
ing to Boswell, consist 
chielly of grains be- 
tween 0'25 and 0-5 
mm. diameter, to- 
gether with about 17 
per cent of gr^iins 
between O-l and 0-25 
mm. The iron con- 
tent is fairly low 
(about ()-12 |)er cumt), 
but the i)erc‘.entage of 
alumina is fairly high. A typical microphotogra])!! of Alderhy 
Red moulding sand is shown in Fig. 0. 

Kieselguhr, see Dialomacenus hJarth (p. 9(5). 

Lacustrine Sands am of the same gem^i'al (iharacO'i- as Estuarine 
sands, except that the organic, constitiusits are dilh'i'fmt. iSiieh 
sands are largely a ])ro(hu!t of Huviatilc- action, thougji in sonu; cases, 
as in mountainous la-gious, much gla,cial matc'rial has found its 
way into the beds of lak(‘s. Fxamplcs of ibis type of dt'posit 
are very common in Hvvit/auhind, cispccially in lb(‘ liakc of (Iciu'va., 
but they ar(^ not so rc'adily n'coguisahh' in Hia'tish sands. Ija.cnsl.i'im' 
sands are usually fairly uniform in h'xf.iirc, l)ut ti'iid to v('ry 
variahki in chemical composition, and wIkmi that is tli(' ca.s(> tlicy 
are of little vahun Tlu^ pui'cr varicdics aj'(‘ used foi' glass, foiindry 
work, (dc. ; the otiua’s make' good building sands if tlu- grains arc' 
not unduly roumh'.d. 

Lias Sands occ.ui' in tluc Lias formation (p. red). They arc' 
seldom of grcait c.ommcrcaai valuer, hut in somcc localities a,rc' largcdy 
usc'd fc)i‘ huilding pnrpos(^s. 

Limy Sands am those; (containiiig linuvstonc' or othc'i' compounds 
of limey Thciy am partially fusihk', as the; limc' a, ml silicai combine', 
when h('ate;el, to form a fusible silic.ate;, but if siieth sjuiels are; he'a.te;el 
the;y do not me;lt ce)mpl(;te;ly. On tlu' conl-rfiry, ;ui appiu'e;ntly 
unalte;re;el nuiss rc'inains on heating the; sa.nd to the' highc'st te'inpc'i'ii- 
turcs in a gas-lK;ated furnace;, but if the; he;at('el mass is allowed 
to cool it fails to j)ioces at a touch, laoducing a mass of fiisc'd and 



Ihej. G. — Alclerley reel rnenilding sand, x 20. 



LOESS 


125 


unfuscd grains. Limy sands are best avoided for all industrial 
purioosos ; their composition is usually variable and their behaviour 
is always uncertain. Their chief use is in agriculture, where they 
lighten the soil and at the same time neutralise any acidity in it. 

Lithomarge is very similar to but less ferruginous than Bole 
(p. 84). It may be regarded as a ferruginous sand compacted 
with clay to form a soft stone. It is sometimes used as a source 
of iron, but is of little commercial value as a sand. 

Loam is a term used to describe a light open soil consisting of 
sand, clay, and carbonaceous matter. Other terms such as " sandy 
loam,” “ clayey loam,” “ calcareous loam,” are used to denote 
the predominating constituent. 

Broadly speaking, any sandy clay may be termed a loam, 
but when less than 20 per cent of clay is present the term “ sandy 
loam” is preferable. Sandy loams are of great value in iron 
foundries for casting purposes. Loams containing less sand are 
often of value for brick-making, as some clays are too plastic and 
would shrink excessively if used alone. With sand, however, 
the shrinkage is reduced and good bricks can be made. Highly 
sandy clays are used in the manufacture of “ cutter ” and “ rubber ” 
brides (see Vol. II. (Jhapter I.). Some loams contain a large pro- 
portion of gravel, and this is costly to separate. 

Th,e t(irin “ loam ” must not be confused with one meaning 
of the Gei’inan word “ lehni," which signilies a laoduct of the 
ardion of the weather on glacial drift and other rocks, forming 
a kind of loc^ss (see below). 

Thc! disintegration of Triassic rocks gives rise to a light sand 
or a somewhat stiff loam, whilst the Lias of Oxfordshini also foisns 
a rich fihible loam. Any rocks which yield a Diixture of clay 
atul sa^nd on ('X])osure may be regarded as ])otential sources of 
loam. 

Ai'tilicial loams are often made' in ordei' to producer a mat(a'iaf 
of delinih^ composition and |)roperties. Tlu'y arc made by grinding 
(fay and sand in. a suitable mill. 

Loess is a, lim^ silty makaaal somctiim's ('I'roneously tcaaiu'd 
“ clay,” but it neither puddles nor holds wader likc^ clay. It occurs 
in lai’ge (hpxjsits extending ov(M’ largxi anais in America, kuropc, 
and Asia. 

Loess is found up to a lu'ight of bOOO ft. in tlu‘ Carpathians, 
8()()() ft. in Shansi (China), and probably higlau' farther west. In 
North (fiina, a,ccording to Ilichthohm, it is 1 .f{)()-2()()() ft. thick. 
Th('- adob(' of North America — a similar materiaW-is sometimes 
2000-:it)0() ft. thick. 

Loc^ss (consists of angular (juartzose sand of a diidy ycflovvg 
brownish, grey, or black colour inixx'd with 10-30 per cent of silt 
and clayey matter, and, in some causes, with chalk, linu'stone, and 
carbonaceous material. 

.Felspar, hornblemhg and heavy minerals common to sands 
occur in variable and often considerable proportions, and mica 
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lakes are disseminated quite irregularly through the mass.. The 
particles are chiefly angular in shape, and are intermediate in size 
between fine sand and clay. Its most distinctive characteristic 
is its behaviour when weathered, for, whilst sand and clay are 
worn down to gentle slopes, the loess stands in vertical faces which 
often present a roughly columnar appearance. Shovel marks and 
wheel tracks remain clearly defined for years. 

The origin of these deposits is much disputed. It is probable 
that three different forces have taken part in the formation and 
that it is due to a combination of glacial, huviatile, and aeolian 
actions. A loess-like material found in America and termed 
“ adobe ” (p. 79) appears to be of fluviatile origin, though it may 
partly be of aeolian origin. The extraordinary uniformity of 
loess suggests that it is an aeolian deposit, especially as it usually 
occupies the high ground, whereas water-deposits are usually in 
valleys or hollows (lake-beds). A dry climate is essential to its 
formation. 

The loess occurring in the j)lains of China consists of a fine, 
soft, crumbling, calcareous silt of a yellowish or buff colour, formecl 
probably by the accumulation of wind-borne dust produced as 
a result of the drying of pre-existing glacial mud. It is very 
homogeneous, sometimes stands up in walls several hundred 
feet high, and is curiously resistant to weathering actions. It is 
probably held together to some extent by the many fine vertical 
tubes in it, formed by rootlets and lined with a calcium carbonate 
film. 

In Europe much of the loess consists largely of clay, the deposits 
on the Rhino containing only 18 per cent of sand arid 16 ])ei‘ cent 
of chalk, the remainder being clay. Its composition, howevei-, 
varies considerably. 

The occurrence of tnu^ loe.ss in fb-c^at Britain has beem denied ; 
in any case it can only occur in insign ilittant (]ufuititi('s. 

In Russia the loess (locally known as “ tclH'rnozoin ”) is of a 
similar nature to that of CHiina, hut, on aeciomit of the: large pi'o- 
])ortion of organic matter, it is blade. It is thought that tlu' 
European deposits are. chudly thc^ I'osult of ghieial action. 

Loess appears to bo useless as an industrial ina,t('ria.l, and even 
agricadturally it is of vai’iabh^ vahuu 

Manganese Sands and Gravels ai'c sound, inu's produecnl hy the 
weathering and surface denudation of manga, nesc oi'C's, esp('eia,lly 
in .Japan (see also Bdw/, p. 167). Tiny .sonu'tinu's form a source 
of mangaiK^sc, hut an*, not otlie.rwi.si; of gnait vahnu 

Marine Sand is the sand formed on tlu^ seashore, hut tlu', d'rin 
is also aj)])lied to all sands originally (l('])osited from s(‘a-wa.t('r. 
It is (piite ine.onvct to suppose that all marine sands are salt, 
though thos(^ still in contact with sea-watca' are so. Mai-ine, sands 
are usually c.oarsc'., very variable in e.oinposition and in size of 
grain. Th()S(i derived from ancient sea-heaches ar(^ ofUm con- 
solidated into sandstone and have to bo crushed hef<jro use. Whilst 
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sands from existing seashores are of doubtful value — except for 
some building purposes of a rough character— those derived from 
marine deposits of remote geological periods are often valuable 
on account of their uniformity, alike of grain, size, and composition. 
The Greensands, Bagshot sands, Thanet beds, and some of the 
Bunter and Keupor deposits arc of marine origin. 

Metalliferous Sands and Gravels are deposits containing a large 
proportion of particles of metallic minerals which have been 
concentrated by the action of water, which has removed the grains 
of lower specific gravity. This concentration of heavy minerals 
in sands is duo to several causes : 

(i.) The normal current of a river tends to carry sand slowly 
along the bed towards the mouth of the river. 

(ii.) The incoming tide reverses the flow of water in the mouth 
of the river and causes the latter to deposit its suspended load, 
and also carries a considerable quantity of sand up the river. 

(iii.) Winds, either up or down stream, lift the dry sand from 
the surface of the beaches at low water. As the top layers of 
sand_ become dry, the lighter particles are blown away from the 
heavier sand. The heavy sand is also moved by the wind, but 
at a much slower rate. In this manner the heaviest grains are 
gradually concentrated, and in the course of hundreds of years 
large beds of heavy sands are produced. 

(iv.) The outgoing tide added to the flow of the river causes 
the sands to rush towards and out of the river’s mouth. 

By these various means the sand is first carried down the river 
to the sea and is tlicui driv('n uj) on the beaches by the tides and 
prevailing winds, after which the constant wash of the water 
(;arri('s tb.e lighter particlcis ahead of the heavier ones, leaving 
thc^ lattc'r in thin bands and layers ])arall(d to the shore. Huceessive 
waves add fresh material and continually se'paratc tlu^ lighter- fr-om 
tlu' heavier- irrin(‘t-als. Idrc wind then continirr's the s('[)ar-ati()n 
as (l(\s(U'ibc(l above. 

Itr sorrre (!as('s de-|)osits of heavy (h'ti-ital ntiri('r-als riray be 
pt-()(luc(Hl by the dccoirtpositiorr in ,sil,n of rttr-tallil'er-oirs vr-ins 
and r-()(i<s, followed by tlu'. r-mttoval of thr- lightr-r min(‘t-als by 
varioirs (hunrding agenc-ics, k-aving th(‘ lu'avy rrriru-r-ids br-hitrd as 
a highly (umcmiti-ateal deposit of thrr par-tic-rilar rrrirrr-ral which 
pr-('dotrrirtates. 

Tlui pt-iricipal rrretals fourtd in c.oncrmti-atcd sitt-facc' deposits 
ar-e iron, gold, titaniuirr, tin, trrngstr'u, ])latirntm. palladitrm, iridirtnr, 
nranganrrsr^, crobalt, zir-c.oniirtri, thor-iiinr, viv. For fur-tlu-r- inforrrra- 
tion on theses deposits sere Plavcr.s, p. 

Miocene Sands.- It is ver-y doubtful wludher- any such sands 
occur- in this eoimtr-y (.srre ]). 72). 

Moler is a sandy rrrater-ial sorrrewhat r-escunbling ki(\selguhr or 
diatomaccous eai-tli (p. Db), but it is le.ss refr-actoi-y and contains 
a consider-able ]U'o])ot-tion of clay and volcanic ash, for which 
reason it is self -binding and can be made into bricks without any 
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other bon'd. It is found chiefly in Norway, and a tyj^ical analysis 
of this material as used by Moler Products, Ltd., is as follows ; 


Silica (chiefly diatom.s) ' . . . 60'9 

Ferric oxide 6-9 

Alumina 13 -0 

Lime LO 

Magnesia !•(! 

Sulphuric anhydi-ide . . . . 0-2 

Alkalies ()-8 

Loss on ignition 9-0 


lOO'l) 

It is chiefly used for the manufacture of insulating bricks, but 
these are more fusible than the ones made of purer Idesclguhr. 

Monazite Sand is a sand containing a large ^iroportion of the 
mineral monazite, which has recently become im])ortant as a source 
of thoria and ceria. It is chiefly found in sands along the sea- 
shore at Travancore, India, and is derived from the gneisses. The 
selective action by the waves on these sands (]j. 127) has led to 
the local concentration of the monazite in large quantities. Near 
Cape Comorin at low tide the beach is often a glistening mass 
of rounded grains of yellow monazite. Monazite also occurs in 
association with the gra))hite of Houth Travancore and in i)egmatites. 
In the graphite mine at 'Vellanad, sixteen miles north-east of 'J’riv- 
andrum, monazite was found in a rock fllling a fault ei’ack. This 
rock is composed mainly of brownish ciystals of monazite. in a, 
matrix of fels])ar with a little quartz. 

Monazite also occurs widely in the Tinevilly district in the: 
older dunes, in the diy beds of th(^ strc'ams draining (ustwa.rds 
from the hills, and in the Ixaicli sands, wluu't' t]){\y liavc^ umh'rgomi 
slight concentration. It occurs in tlui sti'caks of black sa,n(l a.t 
Waltaii' and Limlipatam, in similar stiruks mair ilu^ cniranccc 
to (Jhilka Lake in. Orissa., and sparingly in conccuti'ates from lda,r 
(kntral. 

Ijarge j)lacers of monazite sand occur in South Anu'rica., (‘specially 
in Brazil, in the |)r()vinc(\s of Jhihia, IVlina,s (h'lau's, hspii'iio Santo, 
Mattcj Crosso, and Coyaz. d’lm Brazilian (h'posits arc' thc^ most 
im])ortant, much of the sand containing UO p(‘r cent of monazite^ 
and 4-7 pcs’ (uut of thoria. In the' Ihiitc’cl State's monazite is 
found in many loc^alitic^s. 'I'lius in Idaho and Montana it occurs 
as an ac'cc'ssoiy mineral in granites and in tla; sands and gra,v('ls 
derivc'd from ])i'e-t>xisting igneous rocks. Blacei' (h'posits, riv('r 
and beach sands containing monazite, occur in various parts of 
Indiana, South Dakota, Nevada, Utah, Washington, Wyoming, 
(iolorado, Oregon, ( hlil'ornia, and New Mccxico. d’hc'. |')rincipal 
areas arc^ in tluc South Mountain rc^gion of Noi'th ( .hrolina., 
])arti('ularly neai' Mars Hill, Madison (Jounty, and in thc^ adjoining 
])aits of South (Jarolina and in the alluvial deposits along the; 
streams from the great granite area ai'ound Centerville, Idaho. 
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In Idaho monazite occurs in sands derived from the Uxs- 
integration of a light grey granite. In the Musselshell district 
the sands contain 31-55 per cent of monazite and 0-88-1 -85 per 
cent of thoria. 

Monazite sand occurs in various parts of Nigeria, in the Federated 
Malay States, and in the protected states of Kedah and Kelantan. 

Monazite sands are usually black, due to the presence of large 
proportions of magnetite and ilmenite ; they are red when garnets 
are in excess, but where there is abundance of quartz or cal cite 
a grey sand is produced. The portions richest in monazite have 
a yellowish tinge. 

The monazite in the sands or crushed rock is concentrated 
by washing in sluices in a similar manner to alluvial gold. The 
concentrated sand is then dried, and the magnetite and other 
ferruginous materials extracted electro -magnetically, the product 
containing 65-70 per cent monazite, 5-7 per cent of thoria, together 
with valuable proportions of zircon, garnet, rutile, corundum, etc. 

Monazite is essentially cerium orthojihosphate, but it always 
contains other rare earths, including thorium, lanthanum, and 
yttrium. 

Table XIX., due to S. Johnstone,* shows the composition of 
various samples of monazite : 
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Moiiazih^ is geiuM-aJly found iii small grains or niouoclinic, 
crystals of a ycdlowish to brownish colour soinc-whai rc-scmibling 
amber. Occasionally it is found in w(“ll (l(‘V(‘lop(‘d crystals one- 
fourth to thrcc-Ogliths of an inch in li-ngth, and more randy in 
crystals 2 in. or more in length. The mon^ p('rf(‘ct crystals ani 
very small, seldom (\x(!eeding 5 mm. in length ; many arc! 0-1 -()-2 mm., 
ami mon- frcapumtly the (a-ystals are juicrosetopit! in dimension. 
Some monazit(\s contain very litth; thoria, whilst otliers contain 
a large ])ro])oi'tion up to 32 p(M‘ (vnt ; yttrium and ci'bium oxides, 
uranium oxide, zii'conia, manganese o.xide, and titanium oxid(i 
may also be present. A tyj)ical jnonazite sand is shown in Fig. 7. 

^ J. ISoc. (.'hern. ItuL, 19 14, 33, 56. 
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Monazite has a resinous to vitreous lustre, and is translucent 

conchoidal to uneven 
fracture and a hard- 
ness of 5 on Mohs’ 
scale ; it can readily 
bo scratched by felspar 
(hardness G) or quartz 
(hardness 7) ; it has a 
high specilio gravity 
(4:-G-5-3). 

Monazite is chiefly 
used as a source of 
thoria and ceria for the 
manufacture of incan- 
descent mantlosd 
Monazite is also used 
as a source of cerium, 
lanthanum, and other 
rare metals which ■when 
alloyed with iron 
])ossess the ])rof)erty 
of omitting a flame of 
great brilliancy with 
little heat and smoker 
when scratched with steel. As the sparks produced readily igniter 
gases, tinder, alcohol-wicks, and explosives, these alloys are 
used commercially as substitutes for matcluis, etc., and in militai'y 
signalling. 

Moulding Sand is that used for casting metal artick's in foundries 
and other works. Particulars of the recpiinnjumts and ns(' of 
moulding sand will be found in Vol. IL, Chapter VM. 

Table XX., due to B().swell, shows tlu' g(H)logieal position of 
the most important moulding sands in this c-ounti'y. 

Mud is a line-textured fragmental mahn’ial formed in water, 
usually by fluviatile action, and corresponds to th(i dust di'posits 
formed on dry land, the only diffenmee being tha,t tlui foi-imn' a.i'(^ 
wet and the lattei- dry. Muds aixi usually (kn'ivcd from liiK' 
fragmental material carried out into lakes or seas by riv('r-a(k/ion, 
sea-erosion, etc. They consist of ininufl^ |)artic.les of (puirtz, 
fels]iar, mica, and other minerals, together with a variabk^ pro- 
]jortion of clay, organic matter, and cakaum cuirbonafla Various 
minerals are sometimes present in sulflcient (piantity to give' the 
muds a characteristic colour, such as the black and the bliu', in mis 
of the Black Sea, which contain iron suljihide and bisulphide^ 
])reci])itated from solution as a result o'f anaerobic; bactcn-ial 
action . 

1 A. von Welsbach patented the use of thoria for mantlcw in IKSCi ; it 
was found later that the presence of 1 per cent ceria gave a greater illuininaring 
effect. 


to sub-transparent. It is brittle, with a 
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Table XX. — ^Distribution oe Moulding Sands 


Geological Po.sition. 

Locality. 

Recent 

Thames sand. 

Glacial 

Durham. 

Doubtful age (pre- 

Abergele (Denbighshire); Barrow-in-Furuess, Brass- 

Olacial) 

ington (Derbyshire ) ; Parsley Hay (Derbyshire) ; 
Ribden (Staffs), etc. 

Pliocene 

St. Agnes, St. Erth, Cornwall. 

Eocene 

Bagshot beds of Southampton and Thanet beds of 
Kent. 

Cretaceous 

Upper Greensand at Haldon, Devon. 

Lower Greensand at Leigliton Buzzard and Oxford. 

Jurassic 

Kellaways beds at South Cave, Yorks ; Upper 
Estuarine beds at Huttons Ambo, Yorkshire. 

Trias ... * 

Keuper Waterstones at Spital, Cheshire ; Buntei' 
Sands at Armthorpe, Bawtry, Burghwallis, Don- 
caster; Heck, Plensall, Snaith and Whitley 
P-*' ' ' Y ’ ■" Lenton, Mans- 

\ ' >n and Worksop 

'' • • ■ . 1 Lancs ; Run- 

• . Warwickshire; 

VV otvornampi.on in t-siaiJs ; r oinjUon, Kiddiu'- 
minster, Stourbridge, Stourport, and Woiu- 
liuiuno in Worcestershiro ; and Hidfast in 
Iridand. 

Permian 

Lower yellow sands at Castleford and Pontefimd, 
\’()rks. 

CarbonifeeroLis . 

Wolsingham in Durham ; Haydon PridgtGn North- 
umberland; Auchordu'ath, Di'unicavil, Oarngad, 
GarnkirU, and Glonboig in Lanarkshin; ; Kil- 
wintung and Monkrt'-ddon in Ayishirt' ; Honn.'y- 
l)ridg(; in Stirling ; and Cookstown, Ca. '1 yrom'. 


Tlui jji'opoi'tiou of iiiica is usually higlu-r in nuids than in sandy 
rocks, since llak('s of mica remain long{‘r in suspension than tin; 
mor(^ com])ae.t grains of (piartz, and are tliei'efon' eai-ried fiirtJier 
fi'om the siiore. lAdsiiar is also fairly c-ommon, and minute; crystals 
of zircon and otluu' raner mimu’als al.so oceui’. 

Muds ma.y also lx; regarded as extrenudy liiu- sands eontaiiunatc'd 
with chiy. 

Oil Sands an' those; (’eentaiinng ])e‘tre)le'um eei' eetlu'r \'e)latile' 
hyelreee'arbe)]! eeils which e'un he ree'e)ve'r('el hy elistillatieen. t^xte'iisiw' 
depe)sits eeceur aleeng the l)anks eef the; lvi\'e‘r Athahiiseii iU'eninel 
Tort Me‘Murra,y in Alhcu'ta, ( 'amiela, anel e'lse'wlu're'. d'lu'se' ele'peesits 
are analeegeeus to the much hetter-kneevvn eeil-sJiales in wJiich tJu' 
oil-forming matter is sinnlarly asseee-iateel witli induniteel clay. 

Oilstone Sand — made l)y crushing " eeilsteene' is useed fejj' 
grineling the brass littings of mathematical anel e)])tical insti'uments. 
The oilstone freem which it is made is a line-gi'aine*el heme-stone 
obtained from the interior ejf Asia Minoi', containing 70-75 ])cr cent 
of silica, 20-25 per cent of calcium carbonate, and a little alumina. 
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A similar material is found in Charley Eorest ; at Whittle Hill ; 
Charnwood Forest, Leicestershire ; near Llyn Idwal in Nor-th 
Wales ; and near Tavistock, Devonshire. Several varieties of 
oilstone are also obtained in the United States. 

Oldhaven and Blackheath Sands are merely of geological import- 
ance. They have no commercial value (p. 70). 

Oligocene Sands include various deposits of j)artially marine 
and partially lacustrine origin, including the sands of the Hamstead, 
Osborne, Bembridge, and Headon Hill beds of Hampshire and 
the Isle of Wight (p. 72). These sands are usually somewhat 
calcareous and of little commercial value, but in some localities 
they are fairly pure. 

The Headon Hill sands of the Isle of Wight are nearly purc^ 
white, and contain ferruginous particles together with associated 
beds of lignite. According to Boswell, these sands contain about 
97 per cent of silica, 1-9 per cent of alumina, and about O-ll per 
cent of iron oxide, the impurities consisting chiefly of rutile, 
tourmaline, and staurolite, and other characteristic detrital minerals 
of the Bagshot formation. The sands are fairly uniform in textun\ 
about 84 per cent being between 0-1 and 0-25 mm. diameter and 
nearly 4 per cent’ over 0-25 mm. diameter. There is also a notabk^ 
proportion of clay,” usually amounting to about 2-5 jier cent. 
The sand has been used for glass-making, but it is not at ])resont 
worked. 

Oolite Sands, see Kellaways Sands (p. 122) and Esluarino. 
Sands (p. 102). 

Parting Sand is sand us(‘d in metal-casting to separate dillercmt 
parts of a mould ; thu.s, it is sprinkhul on to the joints of the 
mould to prevent the sections from adlu'i’ing to each other, fldu' 
sand used for this |)urpose is g(merally of aii iiilhiior (piality, tlu^ 
only essential feature being the ahs(‘nce of bond (sch^ also \'ol. II. 
Cha]iter VI.). 

Phosphate Sands consist chiefly of ti'i-c.alcium phosphati', and 
have been produced by tlui action of phosphoric acid of organic 
origin upon calcium carbonate. '^l’h(\y an^ chicilly us('d as artificial 
manures. They occur in Jhflgiuin, in hraticc on the. I'ivcr Somnup 
in the United States, and clsewhercc In some cas('s, tlu'y ar(^ 
extremely line in texture, much of tlai nia.tcria.l passing rcaidily 
through a 2()0-mesh siev(u Til-calcium phosphate' is only slightly 
soluble in water, and must bo convi'rb'd into a more' solut)l(' form, 
such as su[>erphosphate, befon' it ('an. h(' used as a. mamii'C'. 

Pit Sand is a gem'ral name givaui to sa.nds which ari' dug or 
(piarried, as distinct from those which ar(' dnalgc'd or obtaiiu'd 
by other means. The teiun has litth' or nothing to do with tlu' 
origin or mode of formation of tlu' sand, and is only ust'ful as 
showing how the sand has bc'cn obtaiiu'd. It has one a.dvantage, 
however, in that a sand whic'h is dredgc'd from a river, lake, oi' scat 
is almost ('crtain to cemsist chiefly of round -graiiK'd pai'tic'les, 
whereas a ])it sand may (though not necessarily) consist of sharp 
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grains. In some cases the term pit sand is used to indicate a 
sharp-grained sand, though all pit sands are not “ sharp.” 

Placers are alluvial deposits of sand and gravel containing a 
large proportion of heavy detrital minerals, such as gold, platinum, 
tin ore, emeralds, rubies, sapphires, diamonds, etc. These alluvial 
deposits may he quite recent or very old ; they may occur in the 
bank or bed of a stream or lake as an ancient or existing beach, 
or they may form terraces varying in age from Pleistocene to Recent 
times. They may occur on or near the surface, or as deep leads, 
i.e. covered by recent beds of gravel, lava, or other volcanic rocks. 
In some places they occur as consolidated gravels or conglomerates, 
interbedded with other rocks (see also under the names of the 
various metals and under Gem Sands and Gravels, p. 112). 

Plastering Sand is mixed with lime to form a fine mortar or 
plaster used for finishing interior walls or ceilings. The chemical 
composition is not of such great importance as the sharpness of 
the grains, though a white or silver sand is preferable to a darker- 
coloured one (see also V^ol. II. Chapter IV.). 

Platinum Placers are sand and gravel deposits containing 
platinum in association with iridium, rhodium, palladium, ruthenium, 
and osmium, as well as heavy minerals such as chromite, magnetite, 
ilmenito, and gold. The crude platinum occurs as water-worn 
fragments, nuggets being comparatively rare ; it occurs in many 
river and alluvial sands derived from igneous rocks, but usually 
in such minute quantities that it cannot be recovered at a profit. 

About 90 j)cr cent of the world’s supply of platinum is obtained 
frotn Russia, on the slopes of the Ural Mountains, around Nischne 
Tagilsk and Mount Solovief, where the metal is derived from 
intrusive ])('ri(lotites which have been disintegrated and the heavy 
minerals coneentrated. In California, British Columbia, Brazil, 
C^oluinbia, and Borneo, platinum is found in association with gold 
placers. Otluu’ dc^posits containing jilatinum occur at Filield in 
New South Walc'H, in California and Oregon, in the United States, 
and in Alaska. RciCimtly the .sands of some (jf the rivers of Tasmania 
have bcH-n worked for platinum and iridium. 

Russian (deposits contain about 3()-,3d grins, pm' ton of a 
imd.al conta-ining up to 7() ])er cent of pui'c ])latinum, 4 ])er cent 
of iridium, 2-3 piu' cent of osmium, 3-5 jicr cent of ruthenium, 
and 1 -4 ])er ccait of palhulium, with less than ()-5 ])cr cent of gold. 

Platinum is recovered from alluvial dc])osits by hand-sluicing 
oi- di'edging. The methods used are often very crude, so that only 
about one-third of the total metal pre.sent is olitained. 

Pleistocene Sands, see Glacial Sands (p. llo). 

Pliocene Sands. — The occurrence and distribution of Pliocene 
sands ha.\'c bemi di'scribed on p. 73. They are usually of a yellowish 
or reddish colour, the red sands at iSt. Erth in Cornwall containing, 
acc.ording to Boswell, about SO per cent of silica, 5-29 per cent 
of alumina, and 2-74 per cent of iron oxides. The Belgian yellow 
sand has a similar compo.sition. The iron oxide forms a thin 
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film over the surface of the grains of quartz. The sands of Cornwall 
are a little more fusible than those of Belgium on account of the 
larger proportion of alkalies present. Heavy minerals, according 
to Boswell, are abundant, and consist chiefly of tourmaline, 
staurolite, andalusite, kyanite, rutile, topaz, zircon, ilmenito, 
magnetite, and limonite. Mica is also present. The texture of 
these sands has been studied by Boswell, who found that the 
Cornish sands consist chiefly of grains between 0-1 and 0-5 mm. 
diameter, though a considerable proportion of clay is sometimes 
present. The coarsest sands contain over 85 per cent of grains 
larger than 0-25 mm., whilst the finer sands may contain loss 
than 40 per cent above this size. The Belgian sands are usually 
equivalent to coarse Cornwall sands. 

The proportion of clay is low in the Belgian and coarse Cornish 
sands, but Boswell has found that some of the fine Cornish sands 
contain nearly 14 per cent of clay. 

Pliocene sands are chiefly used for casting metals. 

Pocket Sands are deposits produced by the disintegration of 
the Mountain Limestone rocks of Derbyshire, North Stallordshire, 
and more rarely in North Wales and Ireland. They form poekets 
or “ swallow holes ” in the limestone, often of a deep cui)-shape. 
The pockets vary considerably in size, some being merely small 
pipes, whilst others have an area of between 100 and 200 squar(^ 
yards, the form of the deposits being largely determined by tlu^ 
jointing of the limestone. Many of the deposits are of great de|)th ; 
near Friden the sands have been found to persist at a de])th of 
over 200 ft. without showing any signs of this being the bottom 
of the deposit. The occurrence and distribution of pocket sands 
has already been fully described on ]). 42. 

The sands vary from white to bi'own or red through various 
shades of grey, eroaiu, and yellow. Tla^ pur(^ whiter sands arc* 
quite low in iron. Tlu^y consist chicdly of rouiuh'd grains, and arc, 
therefore, of aqueous origin, though some angular grains also oc.cur. 
biomc of the sand has probably beem carihul to its |)ros(mt [)osition 
by strciams of water acting on the shab^s, sandstone, and grits 
on the higher ground, but th(i bulk of tlu'. dc])osits is most probably 
a residue loft when the calc.areous poidion of the ( hrbonihu'ous 
Limestone rocks was romovtid by solution. The |•(‘sidu(^ colh'cted 
into pockets and became mixed with debi'is from tlu^ ovc'rlying 
Millstone Crit. 

According to Hoswell, the heavy detritai im])uritics pr('scid. 
in the sands consist chiefly of auatasi^, a|)atitc, cassiU'ritc, c^pidotc', 
rutih', s])inol, staurolite, and zii'c.on. Jjimonihi occurs in tlu^ dej)osits 
at Abergele, and Icucoxene and brookite an^ found at Oakmoor. 
The j)urest of these sands usually contain vciy littk^ felspar and 
mica, l)ut those of inferior quality are richer in theses ituru'rals, 
some being quite micaceous. A certain amount of clay also occurs 
associated with the sand. The purest deposits found by Boswcdl 
are at Abci'gele in Wales, whore over 99 per c(*.nt of silicui is present. 
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with only 0-54 per cent of alumina and 0-04 per cent of iron oxide. 
Some of the Parsley Hay sand contains only 0-05 per cent of iron 
oxide, hut it is accompanied by over 18 per cent of alumina. The 
Brassington sands contain nearly 7 per cent of alumina and about 
0T8 per cent of iron oxide. The high percentage of alumina 
in the Derbyshire deposits is due to the presence of a larger pro- 
portion of clay associated with the sand, some part of the deposits 
containing sufficient clay to render the material plastic when wet. 

The texture of pocket sands is very variable on account of the 
mode of formation, though in some parts it is fairly uniform, as 
at Abergele, where Boswell found about 78 per cent of the grains 
are between 0-25 and 0-5 mm. diameter, and 8-9 per cent of grains 
are between 0-5 and 0-1 mm. diameter. He found no material 
of the ” clay ” grade present, and nearly 98 per cent of the material 
may bo classed as true sand. At Rhes-y-cae, in Plintshire, about 
85 "per cent of true sand is present. 

The Derbyshire deposits are less uniform in texture, the best 
being at Brassington and Carsington, where, according to Boswell, 
60-70 per cent of the grains are between 0-25 and 0-5 mm. diameter, 
with about 2 per cent over 0-5 mm. diameter and under 15 per 
cent between the sizes of 0-1 and 0-25 mm. In other parts of 
Derbyshire, larger proportions of the finer grains occur, the sands 
at High Peak containing only about 21 j^er cent of grains over 
(>•25 mm. diameter. The proportion of “ clay ” present is con- 
siderably higher in Derbyshire than in Wales. The sands at 
Newhaven, Longeliffe, and Bras.sington usually contain less than 
LO per cemt of “ clay,” but at Carsington over 18 per cent is present, 
and at High, Peak over 26 per cent. The Stahordshire deposits 
at llibdon are also very rich in material of the “ clay” grade, in 
one b(ul over 50 ])cr cent being present. These sands contain from 
2i)-72 p(U’ cent of true sand. 

At Park Mine, near Askham-in-Furness (Lancs), pockets of 
sand occur in hacmiatite in the Carboniferous Limestone. The 
])ock(ds (d' haematite are oval in shape, and decrease rapidly in 
widtli as the depth increases. They vary in «ize, some of the 
Iarg(',T' pc)ek('ts being about 480 ft. deep and i)00 ft. in diamt tti. 
They (u)ntain a,n outer layer of haematite, inside which is a layer 
of reddish clay from () in. to 6 ft. in thickness, the central ])art 
of tlu'. po(!k(d being lillcd with loose sand and fragments of a palc^ 
(rr(^y friable sandstone of different sizes. Ferruginous, micaceous, 
h)a'my, and clayey materials also occur in the sandstone, ihe 
amount of sand present varies in different pockets, the proportion 
inc.reasing near the Red Sandstone area and decreasing towards 

the Silurian beds. 1 x 4.1 

The. purest white pocket sands arc generally employed for the 

hearths of oiien-hcarth furnaces, and have also been suggested for 
(dass-making. The grey sands (often termed Ganister samls), 
which contain more clay, are used as ground gamster, and are 
mixed with crushed silica rock, or sometimes with the quartzite 
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pebbles found in the same deposits, and made into silica or semi- 
silica bricks. The yellow sands have been used for steel-casting. 

Pozzuolana is similar to trass, and consists of volcanic lavas 
which have been influenced by superheated steam and carbon 
dioxide in>guch a way that they have been reduced to a fine state 
of division. Pozzuolana also resembles clay which has been heated 
to redness, but its composition is very variable. It is amorphous, 
though in some cases crystals of various igneous rocks occur in it. 

It derives its name from the town of Pozzuoli, near Naples, 
where it was first obtained by the Greeks and later by the Romans. 
Pozzuolana also occurs in the Auvergne Mountains, the Mountains 
du Vivarais, and in the Gulf of Lyons in I'rancc, at Teneriffc^ in the 
Canary Isles, and in the Azores. 

The analyses in Table XXI. show the composition of some 
types of pozzuolana. 


Tabiwi XX J. — Anabysks of Pozzuolana 



Hilica. 

Aluiulmi. 1 

Kori in 
Gxidih 

Id UK'. 

MagiiUHia. 

PotaHh 
and Hoda. 

Water. 

Rome (Stanger and 
Bloimt) 

58-58 

22-74 

4-00 

1-37 



Naples (Stanger and 
Blount) 

(5.‘M8 

10-8 

5-08 

0-35 



Vesuvius (Thorpe) 

I4-() 

10-5 ' 

29-5 

l()-() 

tr. 

1 -0 

2-5 

Vesuvius (Thorpe) 

4()-0 

10 -5 

15-5 

lO-O 

3-0 

4-() 

O-O 

Auvergne Mt.s. (Thorpe) 

4-7 •{) 

34 -2 

8-2 

3-0 

2-0 

3-2 

Azores Isles (Chateau) 

54-7 

20-5 ' ()-3 

2-2 

1-7 

2‘2 

12-1 


Pozzuolana, trass, etcL, possess th(! ])r()])(M'tv of formitig a, 
hydraulic cement when they an', mixed with liiiu^ and a-n', ttta,(l(' 
into a paste with watej*, no lieat l)eing ixupiirc'd as in tJu'. maaiufaeture 
of Portland cement. This is duo to the combination of the mahaiaf 
with the water forming coinj)lox substanecBs which harden on drying 
to form a strong mass. Pozzuolanas may divided into {a) ilu^ 
direct products of volcanic action, sudi as true ])ozzu()la,na mnl.orin 
(p. 155), to,sca (p. 165), Idin, and ira.s'.s' (p. 165) ; {!>) the (l(>eomi)osi- 
tion products of igneous rocks termed arewe.s' (p. SO) ; (r) artilieiaf 
pozzuolanas. 

Artificial 'pozzuolarm consists of burmal day, or blast-furmnai 
slag. These materials, when ground, po.sse.ss ])ro])(U'ti('s similai- 
to natural ]U)zzuolana, though to a imidi smalhu’ (ixtent, lightly 
burned day being much su])erior to slag in this r(!sp(a;t. 

Pozzuolana is largely used in the preparation of (-.(ujumts, 
mortars, and concrete. 

Primary Sands are those which are foruKul by tlu' dinud dis- 
integration of igneous nicks, such as granite. Tlu^y may (iontain 
grains of very diverse sizes, but where atmospheric agendes have 
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acted on them the sands are classified to some extent and arv 
more uniform in grain size. Most commercial sands are of a 
secondary nature (see also p. 7). 

Pumice Sand is not exactly a sand, but may be conveniently 
classed as such, as in many ways it does resemble other sands 
and is used for many purposes for which they are employed. 
Pumice consists of a volcanic glass which has been ejected in a 
spongy, viscous state from active volcanoes, and was afterwards 
subjected to a sudden cooling, which was too rapid to allow the 
glass to crystallise. It is very light and spongy, on account of 
its having contained a considerable amount of dissolved gases 
which were suddenly released on the solidification of the viscous 
mass. The vesicles are rounded or elongated, due to the flowing 
of the lava, and the structure is composed of thin partitions or 
threads on which the abrasive value of the material depends. 

Pumice occurs in many parts of the world in the vicinity of 
active and extinct volcanoes, but that used in this country is chiefly 
obtained from the Lipari Islands, north of Sicily. An inferior 
grade, alessandrina, is used for smoothing oilcloth. A little is 
imported from Tenerifle. Pure white pumice dust occurs over 
wide areas in Nebraska, Kansas, California, Idaho, Utah, South 
Dakota, Wyoming, Oregon, Colorado, Oklahoma, and Iowa, the 
chief sources being in Harlan and Lincoln counties in Nebraska. 

Table XXII. giv(\s typical analyses of two of the most important 
vari(dieH of pumice. 


Taulk XXir. — Anat.ysks of Pumick ^ 



Hillcil.. 

Vliuiiinu. 

Kcridc Oxlili* 
Oxide. 

Linuy 

Mii-gnesin. 

PoUlhlt. 

SoiIlL 

Loss. 

(!a[)e <li Ooslagiui, 
jA'puri 1 h1('S 

7:{'7() 

l()-27 

2 -:n 


()'2!) 

()-7:{ 

4 ■2.7 

1 - so 

Oi'leatis, N(il)i-aHl<ii 

()!)■!;' 

17()-( 

0-S() 

()-2l 

(i-U) 

1 •()!) 

4 'On 


'^riu' s))(\ei(i{'. gravity of puniic<^ is k^ss than that of water, on 
ac(H)unt of its ])()ro\is eharaet(M‘, but the speeilie gravity of the 
])()W(le.r(al mabnial is 2-,‘5-2-4. 

Ihiiniec' sand is f)rodu(!ed by sei’eeniug the iiatural mat('rial 
and so separating th(‘. larg(M- j)ioc(\s, or by grinding tlu' material 
to powdei'. 

Pumice is used princ.i]mlly a.s an abrasivco Lumps of tlu^ 
infcrioi' (pialities ai'c u.sed for smoothijig oilcloth, whilst the sand 
or powder is used in tlu^ inamifaeturc ch medal poli.shes and abrasives 
soaps. It has also beem employed for polishing stoiK's, glass, and 
ivory, and in a (im'.ly [)owdered state ((ailltal pnvnrc) for pre^paring 
parchment. Insulating bricks and lireproof ware of low s])eellic 

’ Thorpo’s Dictiomtry. 
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gravity have also been made from pumice sand, as well as cements 
and cheap glass-ware. 

The presence of hard felspar crystals is detrimental to the 
value of pumice for polishing, as they cause scratches. 

Quartzites are rocks consisting of a mosaic of quartz crystals 
without any regular outlines, these grains being united by a cement 
of almost pure silica which has been recrystallised or deposited 
in a colloidal state around the original crystals. In some quai'tzites 
the outlines of the original grains can be i-eadily distinguished, 
but in others this is very difficult. When the cementation has 
been sufficiently prolonged, the cemented gfains lit so closely that 

they interfere and pi'e- 
vent the production of 
crystal faces. Fig. S 
shows a typical (juartz- 
ite viewed by nuians of 
polarised light. Pure 
quartzites are whiter, 
but others are coloured 
owing to the im])urities 
present in the cement, 
or in the quartz of 
which they arc', com- 
posed. Iron is thc^ 
])rincipal colouring 
agent, giving the', rociks 
a l)rownish tint. Thc^ 
grc'-y (U)lour of (lar- 
i)onii'erous ([uartzites 
is du('. to the pi'(\s('n(!(' 
of (iiu'ly dividc'.cl car- 

t’u). 8. — Quartzite. >; ;ii>. (CrDHscd nienlu.) bouiic.cous lUattcM'. 

( hlorite and otlicu im- 
purities may also impart their charaetcuistic. colours to tlu^ cpuu'tzite. 

The principal varieties of ([uartzitc^ are: (1) Vein (/luirl.z, wliicli 
is produced as a result of hydrothermal action, a,n(l forms coarse 
interlocking ci'ystals with little or no ecmu'iit ; (2) (^yiigloincrdlic 
(jiuirtzite, in which (piartzite ])ebbles arci ccmiented togcthci' l)y 
siliceous mate.rial ; (3) Quartz uchisi, a mcd-amorphosccl silicui I'ock 
which, when examined microsco[)ie.ally Ixdvvc'c'u crossc'd jiicols, 
shows bands and waves of colour dm', to distortion, l)y prc'ssure ; 
and (4) Amorphous quartzites. 

The ])rincipal impurity found in quartzites is iron oxide, tlu', 
greater properrtion being in the ferric state, though in some, (pnirtz- 
ites chalybito (ferrous carbonate) occurs. Vai'ious alumino- 
silicates may also bo ])resent, chiefly in the form of felspai-, mica, 
kaolinitc, or clay. Mica frequently occurs in foliated (piaitzibis 
along the linos of foliation. Both potash and soda-lime felspars 
oqcur, and lime may also be present in the form of calcite, dolomiby 
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or calcium phosphate. A small quantity of hydrous sodium 
silicate sometimes occurs in association with the secondary silica 
cement, introduced jjrobably by an alkaline sohition, some of which 
was retained by the silica in the form of silicate of soda. 

Magnesia may occur as dolomite, or a,s f err o -magnesian silicate 
such as serpentine, this latter being yery infrequent. Titanium 
occurs to a limited extent as rutile, brookite, or anatase, the first 
and third occurring in characteristic needle-like crystals, whilst 
brookite occurs in large flakes surrounded by minute secondary 
crystals in the cementing silica. Where the proportion of titanium 
is high it is generally present in this form, having probably been 
deposited from solution simultaneously with the cementing silica. 
Zircon occurs in minute crystals, generally in negligible j)roportions. 

It is important to remember that a small percentage of alumina 
and certain other elements may represent a much larger proportion 
of impurity. Thus, 10 per cent of felspar would show only 1-6 per 
cent of potash and l-S per cent of alumina, the remaining 6-6 per 
cent being silica, which is included in the total silica. Hence, 
a material appearing to contain only 3-4 per cent of impurities 
may actually contain 10 per cent. 

The principal quartzites in this countr'y occur in the Meta- 
morj)hic, Prc-CJambrian, Cambrian, Ordovician, and (Carbonaceous 
rocks, whilst a very important source of (luartzitc on the Continent 
(Germany) is known as amorphous quai'tzitc^ 

Metaniorphic quarlziles have bt'cii us('d only to a small extent 
as sources of sand. Their texture vaik's considei-ably. At 
Kentallcn they arc ((uito coarse, the grains being up to 1-0 mm. 
diamet(M', whilst on the Isle of Jura and Islay th(\y avei-age about 
0-2 mm. diaiiuder. The proportion of ii'on is gcuiei'ally very low. 
Eelspar and mi(;a occur in varying pro])ortions, vtuns of tluise 
minerals sometimes ocamrring along tlu^ joints, as at Clem Grc.liy. 
As a, ruki, tli(‘. jjroportion of impurities is veu'y low, tlu' cemamt 
in most (aises b(ung compkdi'ly silicc'ous. Many appai'cmtly 
('xe('ll(Mit d(q)osits of theses rocks ha.V(^ not Ixmmi worked a,s y(d ; 
thos(^ which have iHum workcsl have been us(m 1 ehif'lly foi' abt'iisive 
pur|)os('s. ddu'. rock from the Kentallen district is us(‘(l for polishing 
and for soaps. Tlu; bc'ds at Glen Orehy liavi'. betm sugg('st(‘d as 
suitahhi for tlu' imiindfuitui'C' of silica bricks, whilst th<‘ disintcgi'atcd 
(piai't/ates on th(' beaches of -lurahave beam. sngg(‘stcd for I'clractoiy 
purpos('s and glass niannfac.iur(n 

Pre-( -(tnihridn quartzilcH are usial to sonu^ (^\t(^nt as source's 
of sand. Their occurremai and distribution have beem (k\sc.ril)('d 
on (). 3!). 

Th(i Angk‘M('y (|uartzit(!S are pah', grey in colour and fairly 
fnie-grained, the. gi'ains varying in sizc^, aec.oi'ding to Boswell, 
fi'om ()-()5-4 mm. in dianu'tc'r. The Kolylunid (puirtzitcvs an' 
morci uniform in k^xturcy tlu' grains averaging ()-2-()-3 mm. diameter. 
Eelspar is almost al)sent, and only a small ])roportion (fl mica occurs, 
generally in the form of sericite. Iron oxide sometimes occurs in 
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the joints of the rock, causing stains. According to Boswell, the 
rock has the following composition : 


Silica 

. 99 •32 per cent 

Alumina .... 

0d9 

Titanium oxide . 

. 0-03 

Ferric oxide 

0’02 

Lime 

. 0.12 „ 

Magnesia .... 

0-08 

Potash 


Soda 


Loss on ignition . 

; 6-21 „ 


99-97 


The rock is generally very hard, but at hlolyhcad the quartzite 
is sheared in places and is termed “ soft rock ” ; it is readily ground 
up and used for ganister. The hard, massive quartzite is used for 
the manufacture of silica bricks. Silver or silica sand is also 
prepared for use in steel-casting, whilst the fine dust from the 
crushers is collected and sold as “ silica flour,” for painting stcud 
ingot moulds and castings, and also for polishing -powders and 
scouring-soap. 

The vein quartz at Slieve More, Achill Island, contains about 
99 per cent of silica and 0-04 per cent of iron oxide. Boswefil 
found that the principal impurities, which amount to about OT pei- 
cent, are metallic iron, green mica, and haematite. The crushed 
rock varies considerably in texture, some samples containing oveu- 
85 per cent of grains between 0-26 and ()-5 mm. dianufier, whilst 
others contain over 50 per cent of grains largc^r than ()-5 mm. 
diameter and 40 per cent or more Ijctween ()'25 and 0-5 mm. 
diameter. Some portions are extremely (itK\ and contain from 
43-99 per cent of material finer than O-Ol mm. dianudeu', so that 
they belong to the “ clay ” graden The total amount of tiaui 
sand present in the best (qualities is about 98 [ku cent, whilst in 
other parts of the deposit the proportion of tiau^ sand may va,ry 
from practically nil to (53 per cent. The saml is (ihiclly us('(l iti 
the manufacture of soaps. 

The “sand” at Muekish Mountain, (Jo. Donegal (lr(ha-n(I), 
is derived from the disintegration of a Dr('.-(tunhrian (puirtziic' 
of the Dalradian formation. The rock is Found in all stag(*s of 
decomposition. In some parts it consists of a ci'und)ly sandstom^ 
which is easily crushed between, the lingers ; a larger (piantitv 
of sand is also present, though the main portion of the (h'posi't 
consists of soft rock containing, a(!c,ording to Bosw(dl, about 
99-5 p(u- cent of silica and about ()-()2 peu- cent of iron oxickn In 
some ])arts of the bed the amount of iron oxid(' is vciy small 
(O-(X)S) ])cr cent), whilst in others it riscis to mairly ()d)3 ixu cent. 
There are very few impurities present, zircon being practically 
the only heavy mineral impurity. 

The texture varies considerably in dillerent parts of tlu^ Ix'd, 


QUARTZITES 

but Boswell found an average of about 70-74 per cent of grains 
between 0-25 and 0-6 mm. diameter, and up to 22 per cent either 
over 0-5 mm. diameter or less than 0-25 mm. diameter. Up to 
2-5 per cent of grains over 1 mm. diameter may occur. The 
jwoportion of “ clay ” present is generally very small, and seldom 
exceeds 1-5 per cent. The proportion of true sand varies from 
95-99 per cent. This material has been suggested as suitable 
for glass-making, much of the deposit being suitable for the best 
optical glass. 

Cambrian quartzites are largely used as sources of sand in South 
Staffordshire and Warwickshire. Their occurrence and distribu- 
tion have been described on. p. 40. The two principal Cambrian 
quartzites are the Lickey quartzite and the Hartshill quartzite. 

The Lickey quartzite consists of a very pale grey rock, stained 
in places by iron. The cement is siliceous, and clay, felspar, and 
mica occur in the rock, the sericitic forip. of mica being fairly 
common. Some cherty matter is also present. The material is 
used chiefly as road-stone and for the manufacture of silica bricks. 
Some is also crushed and used as groimd ganister. It has also been 
suggested as suitable for the hearths of the open-hearth furnaces. 

The // artsMll quartzite consists of a hard grey rock with a pinldsh 
tinge, consisting, acciording to H. S. 11(41, of 94-45 pei- cent of silica, 
2-55 ])or cent of alumina, 0-77 j^er cent of alkalies, and 0-86 ])er cent 
of iron oxide. In some jiarts of the beds the ])roportion of felspar 
is rather high. The cement is chiefly siliceous, but some clay 
also occurs. The grains are somewhat irnigular in size, but average 
al)out 0-5 mm. diameter. The rock has only been used as a road- 
stomp but some parts may be suitable for the manufacture of 
silicia bricks. 

OrdoiHc.ian quartzites are chiefly found in Shro])shir{^ under 
the mime of Stiperstoiui (piartzites. Their occurrence and distribu- 
tion hav(^ been (U'.sc.ribc'd on ]). 40. Th(\v are of a givyish colour 
with som(4-im(\s a, grinuiish tinge, and associated with earbonacc-ous 
stnuiks which pcaietrate the ro(4( iri'(^gularly. This (piartzitti 
contains, according to Hoswidl, al)out !)(> per c(mt of silicai, 2-24 pc-r 
c.ent of alumina, a.nd O-OO ]K'r cauit of iron oxide-. It is of ratius- 
ii-nigular texture;, the size; of the; gi-ains varying fi'om a, bout 0-2 mm. 
at Nill’s Hill to 0-5 or 0-4 mm. at (jlranham’s Moor, It is (-('mented 
(ihieMly by a siliceous eamicnt, though in places it is somenvhat 
argillac.eous. The ])ropoi'tion of fe-lsjjar and mica varies, but is 
lovvc'st at Clraidiam’s Moor. The gi'ains are; fairly angidar in most 
parts, though some are sid)-angular. The; rock is chiefly iise-d in 
the; manufaed-ui'e; of I'e-fractory |)i-i(;ks, a.nel for I'oad-stone. Silica 
flour is also pi-oduced by grinding it to a line; povvde-r. It has 
also been suggested by Bexswell that the Stiperstone epiartzites 
might be- useful for the manufacture; of glass. 

Carboniferous quartzites . — Tj-uo quartzites geiiei-ally occur in 
the Oi-dovician and older formations, but some of the beds of the 
Millstone Grit in Wales a];)]3roach very closely to true quai'tzites. 
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They occur chiefly in the Basal Grit of the Millstone Grit Series 
of South Wales, though some parts of the Cefn-y-fedw sandstone 
of North Wales (p. 46) might also be classed as a quartzite. 

The Millstone Grit rocks of South Wales consist very largely 
of quartzites, much of the rock having been hardened by the 
intense silicification. In some places, however, the quartz cement 
is absent, and the material forms either a soft, loose saiuLstone 
or an incoherent sand or gravel. The best qualities of rock consist 
of a flne-grained, bluish-white quartzite containing practically no 
fclspathic matter. 

At Hirwaun the rock is pale grey in colour, and consists of 
grains about 0-2 mm. diameter, associated with grains of chert, 
quartzite, etc., and a little plagioclase felspar. The loose rock 
and sand are of a similar nature. 

At Penwyllt, Neath, the rock consists of particles up to 0-4 mm. 
diameter, and there is also a rock Icnown locally as “ spar,” which 
contains pebbles up to f-in. in diameter. 

At Bynea, Llanelly, the rock is extremely flne-grained, the, 
particles being chiefly between 0-03 and 0-05 mm. diameter; whilst 
at Mynydd-y-Gareg a moderate proportion of micaceous matter 
occurs in the interstices between the grains of quartz. In other 
parts of the Kidwelly district the rock is somewhat coai'ser, contain- 
ing particles up to 0-3 mm. diameter and some fclspathic matter. 

The Brynamman bods consist chiefly of white <.)r ))ale gi’(\y 
sand, composed of grains between 0-1 and Odf) mm, diamctei-. 
Some of the beds are comjwsed of a pale grey or junkish sandstone, 
cemented by siliceous matter ami clay, and containing sorm? 
felspar, whilst an adjacent very flno-graine(l IxmI (H)nsists of j)articles 
about 0'05 mm. diameter. 

The Up])er Gwmtwrch rock is v<*ry pur(q ))eing veu'y pak^ grey, 
and containing no fels])ar oi- mica and only a littl(', inhM'stiti'al 
impurity. The softer bc.ds am somewhat c.oarscq and consist childly 
of grains 0-4 to O-b mm. diaimdim- and containing some clay. 

A very line bed locally termed ” blue, stoiu' ” is sommvhat 
micaceous. The silica rock at Llandybie is very similar to tlui 
Cvvmtwrch rock, only a very small pi’ojjoi'tion of Icdsjiar and mica 
being presmit. 

In Glamorganshire, the Basal Grit is very similar to the corre- 
sponding beds of Garmarthcnshirc'. d’ho famous Dinas rock of 
the Vale of Neath is a very pure (|uartzitc (containing only about 
0-5 |)er cent each of lime and iron oxide*, and about 2 p(cr (‘(‘iit of 
alumina. It is yellow or grey with a pale bluish lingee, is si'ini- 
transparent at the edges when (carefully observ('d, and posscss(*s 
many of the charactertstics of crystalline silica (cpiartz). It con- 
sists (chiefly of grains about ()-2 mm. diamehcr, and is associa,t(‘d 
with chert, clay, and .some muca, d(‘rived from the deeonq)osition 
of fcls[)ar. The JJinas material occurs both as rock and a-s sand 
with thin veins of clay, each form lacing of ec[ual valucc for silica 
bricks and apparently consisting of the same material. 


143 


QUARTZITES 

In Pembrokeshire the quartzite is moderately fine-grained, and 
of a greyish colour spotted with iron compounds. Heavy detrital 
minerals are especially abundant. 

The South Wales quartzites are used largely for the manu- 
facture of silica bricks, ganister mixtures, steel-moulders’ com- 
|)osition, paint, etc. The sand is used for the same purposes, for 
lining open-hearth furnaces, and for silica cement. 

Amorphous quartzites are sometimes used in Germany as sources 
of sand for the manufacture of silica bricks. They do not occur 
in this country, but in Germany they are represented by Findlings 
quartzites or Erratic Block quartzites, which consist of fresh-water 
deposits of Tertiary origin belonging to the period during which 
lignite was formed. Under the microscope the grains of quartz 
are seen to be very small, with rounded edges, and are distributed 
uniformly through an amorphous mass of what Wernicke terms 
“ basal cement.” Hence the term “ amorphous quartzites.” Their 
origin is quite different from that of other quartzites, as they api)ear 
to have been formed of minute grains of sand cemented together 
by a siliceous jelly which gradually hardened and formed a siliceous 
cement. The chief accessory minerals in these quartzites are 
zircon and tourmaline. Rutile and muscovite, which are found 
in almost all other quartzites, are not found in these erratic quartzites. 
They have some resemblance to ganister, but the grains of silica 
in tiic'. latter ai'o larger. When crushed, the rock breaks into very 
minute ci-ystals, so that the expense of fine grinding is rendered 
unncHH^ssary- They also have the advantage that, when heated, 
th(\v attain tlnur maximum expansion after very few hours, and in 
this way are in marked contrast to other (piartzites. On r(f])eated 
heatings they do not exinmd appreciably, hence their great value 
as a r(drae.tory material. 

Tliciy ar(i (ihielly usc'd for tin; manufacture of silica brietks for 
('l(a‘tri(! and other metallurgical furnata^s, where tlm najuinmumts 
ar(‘ V(U‘v stringent. 

Although tlic: naun^ Pindlings (piartziti^ implic's that this material 
is found in small isolated masses, it also occurs in massive^ foian ; 
the latba- is tlu^ one most largely uscid foi' silica bih^ks. 

Quicksand is a sand consisting of highly' r'ound('d grains pi-odmaal 
by th(‘ long-eoiitinued action of water. It is naidily distinguisiK'd 
by its y(‘ry small rouruh'd grains. If pik'd it continually lains 
down, thus making a v(!ry flat piku Owing to th(i l•oundn('ss of 
th(! particles it cannot bo cut when in a pik^ as can angular sand. 
This type of sand is u.seful for hour-glass(^s and other a})paratus 
wluu-e ii highly rounded sand is re([uire(l, but it is usek'ss foi' building 
and similar purposes. 

Recent Sands arc*, tho.se which have Ixa'U produced within 
comparatively nwc'nt times, and include iiuyiatiky e.stuarine, and 
deltcuc deposits gtmerally, as well as deiiosits ])roducod by aeolian, 
volcanic, and organic and (kemical actions (see also p. 7(5). 

Red Sands usually owe their colour to the presence of haematite. 
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which gives various tints from a deep blood-rod to a jDale flesh 
colour. The brown colour due to limonite is usually associated 
to some extent with the red colour of the haematite, thus giving 
a modified red tending towards brown. The red colour of Triassic, 
Permian, Devonian, and other rocks, and the purple colour of some 
sandstones, are due to the presence of ferric oxide, and the dull 
brown or yellow colour to ferric hydroxide. 

The blotching and variegation of colour in sand-beds is duC’ 
partly to irregiilar distribution of the iron compounds, and ])artly 
to the differences in their hydration and reduction hy organic matter, 
and the removal of iron from some parts of the beds by carbonated 
water. 

Many sands are pale in colour in the natural state, yet become 
red when calcined (see Bed-burning Sands, below). 

Red-burning Sands are so named from their colour after they 
have been heated to a fairly high temperature ; this colour is duo 
to the presence of iron compounds, Avhich, on heating, are decomposed 
and oxidised, forming red ferric oxide, which gives the characteristic 
colour to the material. The colour is not entirely dependent on 
the proportion of iron present, hut on the presence of lime (which 
reduces the colour by forming a white compound), the size of tlxo 
grains of the iron-bearing mineral, and the extent to whic.h it is 
disseminated through the sand. Thus, if the iron occurs in 
relatively large particles more or less concentrated in some parts 
of the sand, it may not colour the sand to a very great (5xt(^nt ; 
but if it consists of very fine grains, evenly disseminated througli 
the material, the colour may be much more pronounccnl, ewen 
though a smaller total projiortion of iron is present. 

Red-burning sands are gomM’ally less refractory than ])al(M“ 
ones, and consequently can only bo used where resistane.ci to heat 
is not so important. They are of no use wbore tlu^ coloui’ of tlu*. 
sand is especially important, or when! it might spoil tlu^ prodmd., 
as in glass manufactui’e, and are constaiueiitly nsed for inlerior 
purposes. The very red sands are only siiitabh^ for building 
purposes, concrete-making, etc., but tla; bcitter (iualiti(\s may Ix'. 
employed for facing bricks and tiles, dark glass-wain^, foundry 
casting, steel -casting, etc. (sec also Bed Sands, p. 143). 

Refractory Sands is a general term, including all sands which 
can, be used in furnace or otlua- situations where a high tiunpcraiurc^ 
is attained. There is no generally recognised standard of heat 
resistance in this country, but, by many users, materials ain^ not 
considered refractory unless they will withstand heating siiuidily 
to a temperature of 1580“ (1. (Cone 20) in an oxidising atmosplua-e, 
without showing any signs of fusion. TJiis test is only of limited 
value, because in actual practice fither influeiKics must be taken 
into consideration, such as the action of the furnace-gasi^s, the 
influence of slag.s and of sudden changes in tenpicraturo ; a sand 
is therefore not usually considered to be refractory unless it will 
withstand the conditions obtaining in commercial furnaces. As 
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these are seldom defined in detail, only actual trial will show 
whether a sand is sufficiently refractory for use in any particular 
case. 

In the broad sense, the word “ refractory ” is used to denote 
(i.) resistance to any temperature to which a material is likely 
to bo exposed ; (ii.) resistance to any pressure likely to be put on 
it by adjacent masonry, or by the contents of the furnace; (hi.) 
resistance to the cutting and abrasive action of flame, flue-dust, 
and any other materials with which it may come in contact, 
including accidental blows from a poker or clinkering iron ; (iv.) 
resistance to such sudden changes in temperature as are unavoid- 
able in ordinary furnace practice ; and (v.) uniform expansion or 
contraction within reasonable limits. 

1^’ew refractory sands fulfil all these requirements under very 
severe conditions, and the user must, therefore, decide to what 
extent he will forego some of the (to him) less important require- 
ments. To a very large extent this method of “ compromise ” 
depends on local circumstances for success, and without full details 
no satisfactoi-y guidance can be given. It must also be remembered 
that the sldlful use of the materials and the construction of the 
furnace also play an important part in the la.sting qualities of 
the sand. 

The chemical composition of the refractory sand must be 
adapted to the reactions whieli occur when it is used. Most natural, 
refractory sands ar(i siliceous, and so can only be used where the 
redactions occurring in the furnace, or location where they are used, 
do not have any adverse (dlect on the material. Some other natural 
sands, such as zircon sands, etc., may be used in special cases. 
Various artificial sands, such as carborundum fire-sand (p. 86), 
may also Ixd employed as refractory sands. Mixtures of sands may 
soinetimes be employed in preference to single ones. 

In s(i(Hiting a refra(;t()ry sand for any ])ai'ticular purpose, it 
must always bo romeml)ere(l that the substances with which the 
material c.onuds into contact when heated will play an important 
part in the rcdsistamud it oilers to ludat. Thus, a siliceous {acid) 
sa,nd will b(d (Udstroyed rapidly if lu'abdd in contact with a base, 
suc-h as linud. Tlud two will reacdt with ('a(dh other to form a fresh 
c,om])ound which is imudh U'ss ludat-resisting than citluu- tlud acid 
or th(d bas(d tak(du s(dpai-at(iy. Similarly, a basic, sand, such as 
zirc.on sa,nd, will Ixi attack(dd if brought into contact with an acid 
material at a high tcmiperatund, a fu.sible (dompound being formed 
which will i-apidly (hdstroy tlud fui-nac,(d and the sand. 

lieiudc, rcdfracdtory sands may be dividcdd into three classes : 

(a) Acid mnd<'i, including all sands rich in silica and siliceous 
mat(di'ials. 

(/;) Ne.iUral sands, including carborundum fire-sand. 

(c) Jiasic sands, such as zirconia sand, powdered magnesia, etc. 

Acid sands, in ordcdr to be refractory, must consist almost wholly 
of pure silica. The presence of small quantities of other minerals, 
VOL. I ^ 



146 


RESIDUAL SANDS 


such, as felspar, mica, etc., which introduce small percentages of 
lime, magnesia, potash, soda, or iron into the mixture, seriously 
reduce the refractoriness, and so render the sand useless for high- 
temperature work. The proportion of heavy detrital minerals 
may he quite small, yet may seriously impair the value of thc 
sand unless it is specially treated in order to remove these 
undesirable constituents. Lamellar spangles of mica arc more 
deleterious to the refractoriness of sand than are irregular grains 
of felspar. Similarly, the presence of siliceous materials in a 
basic refractory sand is deleterious. Eurther particulars on the 
use and requirements of refractory sands will bo found in Vol. 11. 
Chapter VII. 

Residual Sands are variously defined as ; (a) those whic:h have 
been left behind at the place where they were originally formed 
by the decomposition or disintegration of some rock ; (/;) those', 
which have been left when a mixture of materials has been subjccited 
to some denuding action, whereby part of th(^ deposit has b(Hm 
removed and carried away, whilst the rest has remained bc'.hind ; 
and sometimes as (c) those which have been collected by glacial 
agency. 

Residual sands in group (a) include all primary sands ([). 1116), 
as these have been formed in this manner. In group (/;) ar(^ 
included deposits which have been left behind by the disintc^gration 
of sedimentary rocks, such as the pocket sands of Dca’byshire, 
Staffordshire, and Wales (p. 134). Residual sands of the (6) typo 
may sometimes consist of a concentrated mass of some matca-ial 
which was too heavy, or in some other way too difficult, to be (iai-ri(vl 
away by the particular denuding action which was ac.tiug on the 
material. Section (c) sands arc residual in the sense tliat they 
have been left behind when the ice which collected and transpoidc'd 
them was molted. 

On account of their mode of formation, n'.sidtial sands may 
be cither very pure or very imT)urc. They are gcuuu-ally vc'ry 
variable in compo.sition, as there has been little or no c.lassi lying 
action, so that they consist of an irregular eonglonuu-ation of (loai'se 
and fine particles of all the materials of which the original I'ock 
was composed, except those constituents whicii ina,y be soluble 
and have previously been removed. The jnirest residua,! sands 
are those in section (6), in which, in a certain sense, most sands 
may be included. 

Rottenstone is a soft, porous, friable rook resrdting from tlu^ 
decom])osition of impure siliceous limestones. By tlui ixu'cehition 
of water, containing carbon-dioxide in solution, through the roe.k, 
most or all of the lime is removed, leaving a silicieous skeleton a,nd 
any other imjmrities which may not bo soluble. 

The sources of rottenstone have ])reviously been d(\s(!ribed 

(p. 44). 

The composition of the stone depends on the rock froiti which 
it was formed. The following analyses, duo to Dr. Pollard, show 
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the composition of two varieties of Welsh rottenstone, A being 
of best quality, while B is inferior : 



A . 

B . 

Silica 

. 80-82 

70-87 

Titanium oxide 

0-29 

0-55 

Alumina 

5-82 

9-78 

Ferric oxide 

3-79 

4-61 

Lime 

1-43 

1-60 

A "’ - , • - 

0-88 

1-32 

1 ■ ■ ; . > 


0-27 

Pliosjrlioric acid 

Ferrous sulphate 

1 -’36 

1-39 

Soela 

0-3 

0-56 

Potash 

1-40 

2-43 

Water and organic matter . 

4-09 

6-80 


The iweciso composition is, however, of less importance than the 
angularity and jninuteness of the grains and the freedom *from hard 
crystals of felspar, etc. At the same time, it should be noted that 
some of the best qualities of rottenstone in Wales contain minute 
gi’ains of crystalline silica. 

Rottenstone is chiefly used as an abrasive, the rock being 
washed and ground. It is used in the form of powders and polishes 
for ■|)olishing metals, marble, etn Tripoli is sometimes erroneously 
termed rottenstone!. 

River Sands are! tlescribcd under Fluviatile Sands (p. 104). 

Sand Scale is a de])e)sit of calcium carbonate formed during 
the! e!va])e)ratie)n e)f brine in the manufacture of salt. It is not a 
true! siinel, and its name is misleading. 

Sandstones (big. 0) consist chiefly of an aggregate of quartz 
grains, e!e!nu!nte!el by siliceeuis 
niate'i'ial I'ornu'el either by sedi- 
me!niatie)n in rivers, lakes, e)r 
seas, e)r by the! aeH'.umulatie)!! of 
winel-beerne el(!triius, wliich is late!r 
eonse)lielate!el by the! eiiti-ane-e e)f 
some! e!e!nu!nting meslieim. Some- 
time!s oibeiriban sili(je!e)us rnate-rial 
is ])re‘se!nt in the! e’.ememt anel givers 
the! name! te) the! sa.nelste)ne\ c.g. 
l'e!i’i'ngine)us e)r eah'ai’e'ons sanel- 
ste)ne!s. In e)the!r eaiseis the! steeiu! 
is name!el afte!r thei ])re‘el()minating 
mineii'al impurity, as mieaee'ejiis 
anel inispathie! sanelste)n(!S. Hand- 
ste)ne!s am ge!ne!rafly se)me!what t'aj. !).— MuTd-.siriK'turo of sandstone, 
friahle (bre!a,king with une!vt!n 

fracture!), pe)i'e)ns, anel liable! te) be staineal by the* intrusiejii e)l 
im])ui’itie!S in se)hitie)n. 

The prinerijjal impuritie's in sanelstones are felspar and mica, 
but e)ther minerals may bo ])resent, such as chlorite, clayey matter, 
calcito, iron oxides, garnet, tourmaline, zircon, ejiidote, rutile. 
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anatase, etc. In Kentish rag, Spilsby sandstone, etc., calcite 
occurs in large crystalline masses. 

The grey colour of sandstones is due to fragments of shahs, 
etc., or to the presence of ferrous carbonate, finely divided iron 
pyrites, and, in exceptional cases, to iron phosphate. 

Sandstones may be divided into several classes: (i.) Grits; 
(ii.) Sand rocks; (iii.) Bkeestone; and (iv.) Greywackcs. 

Qrits are coarse-grained sandstones. 

8an(l rocks are loose, friable sandstones. 

Freestone is a sandstone (though sometimes the term is also 
applied to limestone) which can be cut into blocks in any direction 
without a marked tendency to split in any one plane morc^ than 
in another. It occurs in beds, but is not divided into laminae, as 
are most sandstones. 

Oreywackes are rocks consisting of a (ioinpact mass of roundcal 
or subangular grains of quartz, fels])ar, slate, or othc^r mincirals 
or rocks, cemented by a siliceous, felspathic, calciareous, or other 
cement. Their colour varies from grey, through, brown, to black, 
especially where much carbonaceous mattei’ is prescait. Some 
greywackes are pale green or pur])le in colour. The te.xture varices 
from, a coarse grit to a fine stone. It is sometimes very fimi-graimal, 
and is almost exactly like some igneous i-ocks ; in fact, it is oft(m 
composed mainly of granite debris, quartz-])orphyry, or othe.r fel- 
spathic rocks. 

Many Palaeozoic and Lower Mesozoic sandstones are gr('.ywa.c.k('s, 
and appear to have been formed by tlu^ accunudation of grains 
of igneous rooks, so much so that it is sometimes diflicnilt to distin- 
guish them from igneous rocks. 

Oaize is a sandstone in which the matrix is free silica (solnble 
in a boiling sohition of potash) which has beam pr(wi])itai-('d a.s 
impalpable white powder of low s])eci(ic; gravity. It is an iinporf.- 
ant constituent of the lT])pe7- Greensaaicl of .England and ti'a.nc(s 
sometimes u]) to 40-70 per cent bcang pn'scmt, r.f/. in filai f\u'nham 
and Mei'stham lirestones. 

Sandstones which arc suitable sourcics of sa-nd foi- various 
purposc^s occur in most formations above tlu^ I)(ivonian or Old 
Rod Sandstone Series. 

Carboniferous sanilslones ani lai-g(dy used as sourca^s of sand for 
the iron and steel industries and for tlu'. nianufa(h-.nr(^ of lal'ractory 
bricks. They occur irregularly in each of tiai gnait divisions of 
the Carboniferous rocks, their geological distribution Ixang d(>scrib('d 
on p. 42. Among th.c most im))orta.nt of tluis('. sandstom's a,i'('. 
the ganisters (p. 104), which ai'o noted for their high la'sistaiuai 
to heat. 

In the Carboniferous Limestone Seri(is in North Yorkshire arc^ 
several commercially useful deiiosits of sandstones. At W(msl(\y, 
Yorks (p. 44), a bed of white sandstone consisting of grains about 
Od mm. diameter, cemented by siluicous matter witli j)ra{iti(!ally 
no impurities, lies below the pencil -ganister, and is worked for 
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silica bricks. The lower part of what is called the Nattrass Gill 
ganister at Gold Hill, Wearhead, is not a ganister at all, but a pale 
grey sandstone consisting of grains between O-l and 0-15 mm. 
diameter, cemented by a siliceous cement containing some material 
derived from decomposed felspar. In places it is somewhat iron- 
stained. 

In Durhaiu, the Brigg Hazel rock of Lanehead, Weardale, and 
liarperley (p. 44) consists of a fine-grained whitish or greyish 
sandstone with grains up to 0-2 mm. diameter, cemented by a small 
amount of siliceous matter with some quantity of heavy detrital 
minerals. A little chert and felspar occurs at Harperley, whilst 
mica occurs in the Lanehead rock. The 'dark grey or blue lower 
beds at Harperley are not so valuable, being generally rejected in 
favour of the better quality material. The Harperley rock is 
rather inferior as a refractory material to that at Lanehead ; it is 
entirely used for the manufacture of silica bricks. The Lunedale 
rook is a hard, fine-grained sandstone with grains up to 0-2 mm. 
diameter, and containing some decomposed felspar and chert, as 
well as titanium minerals and ferruginous matter. 

The Aid C!rag silica rock of Northumberland is a half -coloured, 
soft micaceous sandstone containing about 97 per cent of silica. 
The ].)urest rocks arc nearly white and are almost free from ini- 
piuities, l)ut most of the best contain jni(!a and some clay, as well 
as ferruginous matter. They are generally fairly coarse-grained, 
the particles being generally about 0-3-()4 mm. diameter. This 
rock is not much used as a source of sand, but blocks of it are used 
for furnacte work. 

^riui (.larbonileroLis Lim(^stono “ sand ” worked at Waon, near 
Mold (|). 44) in North Wales, consists of a soft, white sandstone. 
It is rea,(lily crushed, and is t|uito pure, containing, according to 
Hoswc'll, about 99 peu' cumt of silica and only about ()-()24 ])cr cent 
of iron o.xide, so that it has praeticially no iron stains. It is very 
uniform in tcexturci, tlic^ main ])ortion of the. mabu'ial bcung of 
g!‘ains betwcHui ()-2r) and O-b mm. diamctc'r. is also about 

12 per cc'Tit of grains less than 0-2r) mm. (liaancder and up to 10 ])er 
(umt of gi'ains ovew 0-5 mm. dianudeu-. Much of tlu' linest matcu'ial 
can rcuiclily bc'. nunoved by washing. Tlau'c^ is veuy little heavy 
(hdritai matei'ial pi'csent in the matcudal, that which does occair 
cu)nsisting chicdly of ilnuniitc^ partly c.onvcu'tcal into IcMicoxcmcg 
anataso, tourmaline', zircon, and rutile. Some (h'coinposed fedspar 
also oc'c'urs. This “ sand ” is j)rincipally usc'd foj' thci manufac- 
tui'c' of soap, and has bc'c-n suggc'stc'd as suitable' for glass-making 
and various rc'fractory purpose's, such a.s linings of oj)en-lu'ai'th 
furnace's. 

The' sand a.t Minc'i'a (p. 47), whic.h be'le)ngs to tlu' same feauna- 
tion, is ratlu'r coarse'r and k'ss uniform in te'xture. In a sample 
e'xamine'd by Boswa'll about 17-18 jK'r e't'nt of gi'ains were' over 
1, mm. diametc'r, and a total of nearly 50 [ic'r c.c'nt oxceede'd 0-5 mm., 
as distinct from less than iO per cent in the case of the Molel 
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leposits. The colour of the sands in this district is whitish, turning 
jrey on heating. 

The sandstones occurring in the Carboniferous Limestone j-ocks 
of Scotland are generally white or pale grey in colour and fairly 
fine-grained. The proportion of interstitial matter varies con- 
siderably, and mica is also present in varying amounts, h'errugin- 
ous and carbonaceous matter is generally present in moderate 
proportions, and the beds may be locally iron-stained. 

The Scottish Carboniferous Limestone series includes some of 
the “ Rotten rocks ” — so called on account of the decomposition of 
the felspar in them forming mica, silica, and kaolin. The alkalies 
have been partially removed, so that the rocks are fairly refractory. 
They also contain a notable proportion of hydrated iron oxide. 
They are usually fairly coarse ; according to Boswell, the Auehen- 
heath rock (p. 45) contains 25-7 per cent of grains ovcu- 1 mm. 
diameter and 69-1 per cent between ()•! and 1 mm. diameter. Tlu^y 
vary in colour from white to yellowish or pale brown. 

At Caldwell (p. 45) sand is derived from a soft sandstone whie,h 
has been partially decomposed and is, consequently, easily reduced 
to powder. The material varies from a cream to a reddish-brown 
colour, the percentage of iron oxide being, according to Boswell, 
0-04, The silica is rather low, being only about 94 ])er cent, whilst 
alumina occurs to the extent of about 4 per cent. Nearly O-l j)er 
cent of heavy detrital minerals occur, the chief being gar'ind, 
tourmaline, limonite, ilmenite, zircon, rutile, and e[)idote. Muscov- 
ite mica flakes also occur. Boswell found that tlu^ texture' of this 
material is fairly coarse, about 83 per cent of the grains being 
between 0-25 and 0-5 mm. diameter and uj) to (5 pei- csent ov<'r 
0-5 mm. diameter, whilst up to 5 per cent of “ e-lay ” is pi-esent. 
The total amount of true sand in the unwaslKul material is about 
94 per cent, whilst in the washed product ovcu- 99 pm- cent is pr('S('ni. 
This sand is chiefly used as a refi'actory material, though it luis 
been worked for glass-making. 

At Kilwinning (p. 45) a soft white sandstone containing mmiiy 
99 per cent of silica and only 0-()2-()-()3 jx'.r cent of iron oxi(l(i occurs 
in a bed over 20 ft. in thickness. It is low in alumina,, containing 
only about 0-5 per cent. Boswell found v(')'y little^ impurity prc'.scud,, 
the amount of heavy minerals being only about 0-02 'p(n' c('nt, 
and consisting chiefly of ilmenite, leucoxene, limonite, muscoviO'', 
tourmaline, sillimanitc, rutile, and ziixion. Tla^ natural nmtc'rial 
contains rather a large range of sizes of grain, a litth^ ov(n' half 
occurring between 0-25 and 0-5 mm. dianu4(u'. About 30 [)cr c.(mt 
of the grains are between 0-5 and 1 min. diamctcu-, and up to 14 
pm- cent are over 1-0 mm. diameter. After washing, tlu' (jualif.y 
is iin])roved considerably. 

At Plean, near btirling, the texture of the stoiu^ is more uniform ; 
in a sample examined by Boswell, about HO pea- ci'.nt of the material 
consisted of grains between 0-25 and 0-5 mm. diameba-. The 
colour of this rock is slightly greyer than that at Kilwinning. IPhe 
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Plean rock contains rather more “ clay,” up to 4-5 per cent being 
present. 

Similar rocks occur at Cowie, near Stirling, Kingscavil, near 
Linlithgow, Glenboig, and Hailes, near Edinburgh (p. 45). They 
vary in colour from grey to a brownish colour, the proportion of 
iron in most cases being quite low. 

The sandstones of the Calciferous Sandstone Series of Scotland 
consist chiefly of fine-grained and generally buff-coloured stone, 
consisting of particles of silica associated with micaceous and 
felspathic matter, and some carbonates with ferruginous matter as 
a cementing medium. Some of the Ayrshire beds are quite soft 
and easily broken down to a moderately sharp sand. These sand- 
stones have not been largely used as sources of sand, but some beds 
have been tried for steel-moulding, whilst the Ayrshire beds have 
been suggested as suitable for lining open-hearth furnaces. 

The Calciferous Sandstone rocks of Ireland yield several 
valuable sands. Thus, at Coolkeeragh, near Londonderry (p. 42), 
sand is obtained from soft white or pink sandstones belonging to 
this series, and containing about 85 per cent of silica and nearly 
9 per cent of alumina, a considerable amount of partially decom- 
posed felspar and clay being present. According to Boswell, about 
0-18 per cent of iron conqiounds is present, up to 7 per cent of 
“ clay,” and about 0-05 per cent of heavy minerals, including 
muscovite, chlorite, tourmaline, garnet, zircon, rutile, leucoxene, 
anatase, and ilmenite. The texture is fairly uniform, and consists 
of about 7() ])or cent of grains between 0-25 and 0-5 mm. diameter, 
together with about 7 i)cr cent each of grains over 0-5 mm. and 
b(dw(Hui 0-1 and 0-25 mm. diameter. This material is used chiefly 
for tlui manufacdui'o of glass bottles. 

The white sand from Cookstown, Co. Tyrone, derived from a 
soft wJiite sandstone, occurring in the same series, contains, accord- 
ing to lh)sw(hl, about 97 ])er cent of silica, 1 •() per cent of alumina, 
and about ()-04 per cemt of i?-on conquumds. In some of tlu^ washed 
samples of the best sand, tiic pro[)ortion of iron is rediuied to ()'02 
p(U’ (Huit. Only about ()-()3 per cent of lu^avy minerals ar(^ present, 
thes(^ (ionsisting (diiefly of zircon, rutile, anatase, ilmcnitc', and 
toiirmaliiKU Felspar ajul clay occui- to the exbmt of about 3-5 j)cr 
cent. Tlu' tcixture of the matculal is fairly uniform, about 80 ])er 
cent of tlui grains being In'twecn 0-25 and ()-5 mm. dianuder, whilst 
up to 10 p(U' (Huit of the grains may be larg(u- than 0-5 mm., and uj) 
to 5 per (tent smaller than 0-25 mm. dianuder, apart from the 
“ clay ” presetnt. This sand is used for the manufacture of glass 

l)()ttl(iS. 

Tlu'. MillMone Urit I’ocks consist almost entirctly of sandstones ; 
only parts of tint b(tds are commercially useftd as sources of sand, 
tlumgh much of the ro(tk is quite suitable for building-stone. 

Home of the sandstoiuts of Durham which cannot be classed 
either as ganistor or as bastard ganister,_and yet are used for some 
of the same purposes as ganister, consist chiefly of pale grey or 
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soloured rocks, usually somewhat micaceous, having a fairly 
sxture, the grains averaging about OT mm. or less in diameter. 

..jrally tbe cement is for the most j)art siliceous, the impurities 
present in it usually occurring in larger proportions than in the 
true ganisters. At Knitsley Fell, in the silica rock occurring above 
the pencil ganister the grains of silica are coated with iron oxide, 
and quite a large proportion of impurities are present in the cement. 

At Castle Hill Quarry, Consett (p. 48), some of the sandstone 
is cemented chiefly by ferruginous matter. The sandstones in this 
district are chiefly used for the manufacture of silica- bricks, some- 
times with the addition of ganister or bastard ganister. 

The Growstones of Cheshire consist chiefly of white or greyish 
sandstones of much coarser texture than the ganisters. In that 
at Mow Cop, Cheshire, the grains are rather eoarso (up to 2 mm. 
diameter), and contain a fairly large proportion of sericitic matter 
and clay in the interstitial cement. 

At Kidsgrove, near Stoke-on-Trent, the bods are much finer 
in texture, the average grain size being 0-5-0 -8 mm., whilst a 
oonsiderable proportion of smaller grains from, 0-1-0-2 mm. fill u]) 
the interstices. Felsite and chert also occur in this rock. The 
crowstones at Congleton and Burslem are still finer-grained, and arc 
somewhat deeply iron-stained in places ; felspar and mica ai'o 
much more common in the Congleton rock than in the other ])arts 
of the beds. 

The crowstones are used chiefly for the [woduction of silic.a- 
cement and silica-sand, as well as fine-grained silica-ix.)W(l(T. At 
Burslem they are used for the ])roduction of sili{!a bricks and 
ground ganister. 

The Cefn-y-fedw sandstones appc'.ar to bedong to the Millsiomi 
Grit rocks ; they consist of more oi' lews silicified sandstones, whi(!h 
in places are really quartzites. At Bwhihgwyn, tlu^ whiter a,nd 
tough quartzite, staimxl to a purplish (lolour m^ar the surface and 
somewhat iron-stained at the joints, is worked for inakiiig silicon 
bricks. It is fairly line-grained, the jjartic^les being up to inin. 
diameter, and associated with a mod(u-ate proportioti of eduu-ty 
matter. It is very free from im])uriti(!S, (iontaining no hdspai' (ir 
mica and only a small proportion of iron c.oinpounds. At Llan- 
gollen the texture is very liiuq the grains b(^ing between 0-1 and 
0-15 mm. diamet{U'. 

At Trevor, near Ruabon, and Ffrith, near Wr(^xham, the rock 
is coar.ser in grain, the jiartiekvs being ii]) to ()-5 mm. dianud,er, 
whilst at Garth Mine, near Jtuabon, grains u]) to 0-8 mm. dianud-er 
occur. Fedspar, felsite, and cluu't oeeur in vai'ying proportioiis, 
and at Llangollen some carbonates arc-, ])r('S(>nt in tlui e.cinent, which 
contains much interstitial matb'r. Kaolinitie, matter occurs at 
Trevor, where the rocks an^ also T-ather fcdspathic,. At Garth 
Mine, mica, chlorite, and limonite, as W(dl as kaolinitie mattei-, 
occur in appreciable pro])oi-tions. 

The Gefn-y-fodw sandstone is used chi(dly for the manufacture 
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of silica bricks and ganister mixture ; at Erith Works, near Mold 
it is used for the production of abrasive soaps ; whilst at Hafod, 
in the same district, it is used for silica flour, as well as being dressed 
and used in its natural state for furnace linings. 

The siliceous sandstones of Lanarkshire and Stirlingshire consist 
of whitish and micaceous rocks, generally fine-grained, and cemented 
partly by siliceous material and partly by clay. They are used 
chiefly for the manufacture of silica bricks. 

The “ Rotten rocks ” of the Millstone Grit Series (p. 48) are 
of the same nature as those in the Carboniferous Limestone (p. 150), 
but are somewhat finer in texture. According to Boswell, the 
Garngad sand contains 60 -9 per cent of grains between 0-1 and 
0-5 mm., whilst the sand from the Inchneuk Quarry, Glenboig, 
contains 86-9 per cent between these limits. 

A pure white sandstone, containing at the top about 97-98 per 
cent of silica, which occurs above the ganister at Ealkirk, has 
been suggested as suitable for the hearths of open-hearth furnaces. 

At Levenseat, Scotland, there is a bed of soft yellow or brownish 
sandstone about 80 ft. thick, which is readily disintegrated into 
loose sand containing a fairly large jjroportion of ferruginous 
matter and clay, largely removed by washing, the ])roduct being 
a sand of creamy colour, which darkens on burning, but contains, 
according to Boswell, over 99 per cent of silica and about 0-03 ])er 
cent of iron oxide. The proportion of heavy juinerals is generally 
less than 0-1 per cent, and consists chiefly of ilmenite, leiuioxene, 
zircon, rutile, and tourmaline. According to Boswell, the tc'xture 
of this sand is cpiite uniform, over 88 per cent occurring between 
tlu'. sizes 0-25 and ()'5 mm. diameter, and 6 per cent between O-l 
and 0-25. About 1-6 ])or cent of “ clay ” is present in the natural 
matei'ial. In the washed ])roduct, nearly 95 per cent of the material 
lies between ()-25 and 0-5 mm. diameter. This sand is (^hieliy 
used for c-ommon glass-ware, but it is also suitable for lining opc^n- 
hearth furnaces. 

The Lower Coal Measarvfi yield many sandstone's which are; 
valuable as I’ed'i'ac.tor'y materials, ddu'se^ are' usually classe'd as 
bastard ganisters (p. 197), but some an; re-ally silici'ous sandstone's. 

d'he Guisole\y rock at Guiseley, Yoi'ks (p. 49), is a, whii.e^ 
quartzitie; siinel.ste)n('. eef line grain, the' peirticle'S beung ge'ue'riilly 
abe)ut 0-l-()-l5 mm. diameter, eeeinented by ii silic('e)us ca'ine'id., with 
whie'h is asseee'-iateal a considerable pre)pe)rtie)n e)f heaivy ele'tribd 
minerals, including, aceiordiiig to Be).sw{dl, giiriu't, iuiafaise^, ilme'iute', 
rutile, zirc.e)n, limeaiitty anel leuceexenc. Heeme piirts erf the' be'els aree 
ahne)st five freim mica, whilst others contain it in moch'ratedy larger 
flakes. Tim beds ane practically neui-hdspathie:. An amilysis by 
Beiswedl she)ws 97-5 per cent of silica, with 1-8 pei' e'cnt eif idumina 
and about 0-09 per cent e)f iron oxide, te)g(etheu’ with ;i littlee lime^; 
and a mechanical analysis by him she)ws that the e'.rush,eeel roeik 
contains 40 per cent erf grains between ()-25 anel 0-5 mm. elianu'te'r, 
and about 44 per cent is between 0-1 and 0-25 mm. and neai'ly 
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10 per cent between 0-01 and 0-1 mm. diameter. More than 6 
per cent of “ clay ” is also present. This rook is used chiefly 
as “ ganister ” and for making silica bricks. 

The cream-coloured sand of Ballyoastle, Ireland, which contains, 
according to Boswell, nearly 99 per cent of silica and only about 
0-02 per cent of iron oxide, is derived from a soft white or creamy- 
coloured sandstone which occurs in a bed about 60 ft. in thickness 
above the Main Coal of the Lower Carboniferous strata. Boswell 
has found that this sand is quite uniform in texture, about 83 pen- 
cent of the grains being between 0-25 and 0-5 mm. diameter, 
together with about 12 per cent between 0-1 and 0-25 mm. diameter. 
There is seldom more than 1 per cent of “ clay.” The total j)r()por- 
tion of true sand is very high, being between 98 and 99 joer cent. 

In the Middle Coal Measures are several sandstones which are 
worked as sources of sand for refractory and other pur 2 )oscs ; the 
most important are the following : — 

The Ketley sandstone of the Middle Coal Measures of Shropshirt; 
is a very soft pale-coloured stone, which is readily powdered between 
the fingers. It is fairly fine, and consists chiefly of grains between 
0-2 and 0-3 mm. diameter, the particles being largely coated with 
ferruginous and other impurities. It is used for the manufacture 
of silica bricks, and is also ground to produce a sand for lining 
re-heating furnaces. 

Oornal stone is a pale, buff-coloured powdery rock consisting 
of grains between 0-2 and 0-5 mm. diameter, of quartz, together 
with chert and decomposed felspar, sericitie and kaolinitic material. 
Iron compounds are evenly disseminated through tlui rock, and ai-e 
generally present only to a moderate extent. This stone, whcui 
reduced to powdei', is used as cuiiola sand, “ best white sand ” 
for gas-works, and as a scouring sand. A so-called ganist(U' which 
lies below it is used for wall- 2 )Iastoring and as ground ganisbu-. 

The sandstone of the Middle Coal Measures at liiddings, lu^ar 
Alfreton, is pale grey in colour and fairly fine-grained, (lontaining 
some mica, clay, and calcite. It is used together with gaiiistc'r 
sand for the manufactui’c of silica bricks. 

Triassic sandsUmes . — The RImetic sandstom; at Morriston, 
Glamorganshire, is of a greenish-grey colour, and consists of particth's 
from ()-15 to 0-2 mm. diametcM-, associated with cluu't, lelsib^, 
mieroeline, and other felspars. The rock is rathcu- friable! ; it is 
used for making silica bricks, and when ground it is also used for 
furnace linings. 

Bunter sandstones which are of eommerc.ial value are usually 
soft and friable, and are dealt with undc'.r Bunter Bands (]). 85). 

Jurassic sandstones are sometimes used as sources of sand 
for refi'aetory and other purposes. Thus, tiu! sandstone! below 
the Castleton ganister in the Estuarine Series, near iShefficld, is of 
a buff or yellowish colour and is fairly soft, consisting of gi'ains 
from 0-05 to 0-1 mm. diameter, set in a partially ferruginous and 
partially siliceous cement, which contains vaiieuis impuritic!s in 
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addition to iron, including mica and chlorite. It is used chiefly 
as a casting sand in foundries. The freestone below it is rather 
coarser, consisting of grains from 0-2 to 0-3 mm. diameter, and 
containing more felspar and mica, as well as iron compounds, 
including limonite and carbonaceous matter. It is brownish in 
colour and speckled with impurities. It is used in conjunction 
with the yellow sandstone as a foundry moulding sand. 

The sandstone occurring below the Hard Ganister at Common- 
dale consists of soft white or yellowish rocks, the top beds being 
of greatest purity. It is chiefly ground to produce silica sand, 
which is used for the hearths of open-hearth furnaces and for 
patching purposes. A silty rock of very fine texture also occurs 
in the same beds, and is used for casting iron. 

White flint is the name given to a sandstone which occurs above 
the Hard Ganister at Commondalo, and also at Deepcar, near 
Sheffield, and at Meltham, near Huddersfleld. It is very hard 
and of a pale grey colour ; the grains are generally about 0-15 min. 
diameter, and are cemented chiefly by siliceous material, which 
occurs in considerable proportions. Felspar and mica occur only 
in very small proportions. At Deepcar it is rather finer in texture 
than at Commondalo, and is of a buff colour. Rutile and zircon 
are specially abundant. 

At Meltham, near HuddersHold, the “ wliito flint ” is similar 
to the Conimondale rock, but is of a ])ale buff colour, on account 
of the iron oxide ])resent. This rock is usc'd chiefly for tlu) manufac- 
ture of silica brides at Deepcar and Hudderslicdtl . ddie rock at 
(jommondaU^ is not at ])reseiit used to any great extcuit ; its use 
for silica brick-making has been attempted successfully, but only on 
a V(U'y small scuilc. 

Santorin Earth is a siliceous, volcanic ash found on the Greek 
island of Santorin. It is similar to pozzuolanu (p. 13()) and trass 
(p. Hir)), but contains rather more silica and loss alumina. It is 
used in place of i)art of the sand in waterpi’oof conerda^, as it com- 
bines with the liiiHi s(d free when Rortland ccunent is wchied, and 
forms tluTcwith a fr(\sh (amuMititious (compound. 

Schists are crystalliiu^ rocks having a. characi('ristic sti'ucturc^ 
composed of mor(' or k'ss (^lo.s('ly-])ai'all(d layers or folia,, consisting 
of one or more' minci'als, eitluu' in distinct or alternating lamina, (y 
oi' intermingled in no didinib'. oiahu'. ddui texture, is sonuevliat 
simihii' to that of stratilied rocks, I)ut tlu^ la.yei's an' not continuous 
and a,i'(‘ oftc'ii broadctusl t)ut into huitic'h's. ddu'y are Irecpiently 
contoi'b'd and sharply curved, this strue,tui’(' being particularly 
evidc'iit umh'i' tlu' inic'rosr'ope. 'Idu' laym's ai'(' not laaidily detached 
Itoiu ('iich other, hut form a tough and not ('asily fissile mass. 

iSc'hists are usually nanu'd by some- chai'ac'tt'i'istic mineral which 
tlu'v contain, as micta-schist, chloi'itc'-sc'hist, hornblcmde-scdiist. 
Mica-schists must not be (confusc'd with micaceous sa,ndst()n(‘s, 
which also contain numerous laminae of mica and are easily split 
up into flakes. eSuch a sti-ueture, though similar, is not truly 
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B, being due merely to the mode of settlement and not to 
'sation in situ. 

sts have been formed by the action of various metainorphic 
es, particularly pressure upon sands and clays. They 
liefly in the Highlands of Scotland and the North of Ireland, 
re sometimes used for the manufacture of silica bricks, 
generally they are unsuitable for this purpose. 

Port-a-cloy rook found near Stonesfield (Go. Mayo) consists 
composed quartz-mica schist, which, according to H. E. 
>d, has the following analysis : 


Silica .... 

. 7G-47 

Alumina .... 

. 1,2'0(5 

Titanium oxide 

0-31 

Ferric oxide 

1-82 

Lime .... 

0-12 

Magnesia .... 

0-45 

Potash .... 

54)5 

Soda 

0-3i 

Loss on ignition . 

2’94 


ording to Boswell, it contains numerous grains of rutile, 
3 , zircon, chlorite, muscovite, and mica, whilst about half of 
shed material consists of grains between 0-25 and 0-5 mm. 
3r, together with nearly 30 per cent between Od and 0-25 mm. 
3r. About 3 per cent of coarse grains between 0-5 and 1 mm. 
3r and nearly 4 per cent of “ clay ” are also jjrescnt. 

Sand is produced by marine do]3osition, but it is largely 
. from the action of glacial, fluviaGlc, estuarine, and acolian 
The common idea is that sea sand is chiediy ])roduc(Kl by 
sive action of the sea on the coasts, bub this is improbable, 
land is certainly produced by this means, but the gnaitc'.r 
the sea sand appears to have been delivered as sand to the 
1 accumulated by various agtaicitis along tlu^ shores. (tSee; 
Slands, p. 157.) Nine-tenths of the world's coasts Ixsng 
nth sandy beaches, there must be an omni])resent source', 
dy, far greater than the direct ('ITi'.ct of sea-watew on ilu^ 
Moreover, large sandy beaduis occnir at the foot of many 
nos made of materials whicE do not ])roduc(', sand, 
sand is usually yellowish in ctolour, though at tlu' junction 
3 rivers with the S(',a it is almost white, as (dilais sand. Tlu^ 
ro varieties contain much iron, sonuitinuis a hirgi'. pi'o])ortiou 
chalk, and almost invariably some salt. Tlu'- latter can 
be completely removed by wa,shin.g, so that s(ai sa-nd (amnot 
:1 where this ingredient is liarmful. Many sea sands also 
L a considerable ])ro])()rtion of organic matbu', together with 
lains of Jiving organisms, such as shells. Th(\y also contain 
large variety of different mimu-als, though tlio propoi'tion 
is often too small and too variable to (htewmine aecuratedy. 
ondary Sands arc those which hav(^ b(um carrhal away by 
or other denuding agemey fi'om tlu'. ])lac(3 wJunx', tJu^y 'w(irc 
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originally formed and have been re-deposited. They are usually 
purer than primary sands, on account of the classifying action oJ 
the wind or water which has transported them to the new situation. 
Thus the heavy minerals present will be eliminated to some extent, 
unless they are very fine, as a current of air or water capable of 
carrying grains of quartz of a certain size will only be able to carry 
very much smaller grains of heavier minerals, so that the larger 
grains are left behind. There may also be a considerable amount 
of classification with reference to the sizes of the grains. 

Sedimentary Sands are identical with secondary sands, and owe 
their name to the fact of their first being suspended in water and 
then allowed to settle, forming sediments. They are sometimes 
termed “ transported ” sands. 

Shell Sands contain a large proportion of comminuted shells, and 
are generally found on low, shelving coasts exposed to prevalent 
on-shore winds. In some places they are consolidated into a hard 
mass by the solution and re-deposition of lime around the shell 
grains. Shell sands are used to some extent by farmers for dressing 
land, the calcium carbonate present enriching the soil. (See also 
p. 35.) 

Shore Sands are those occurring along the sea coasts in the form 
of beaches, dunes, etc., and may be produced cither by (a) the 
disintegration of rocks along the sea coast ; (6) the accumulation 
from some other locality of material from disintegrated rocks, 
brought to its present situation by marine action ; (c) materials 
reduced to ])OAvder by fluviatile or glacial action and transported 
to the sc'a, from which they are thrown back on to the shore ; or 
{([) the accumulation of loose material as a result of wind or aeolian 
action. Sands belonging to section {d) are further dealt with under 
the lieading Blown iSanda (p. 82). 

Most beadles are formed of sands accumulated by methods (a)., 
(h), and (c), but they are augmented by blown sand {d). The 
occurrence and distriluition of slioro sands are dealt with on |). 77. 

The coloui’ of shore sands varies from almost jmi'c white to dark 
brown, through various shadi's of grey, yellow, and lirown. There 
are no ])ure whiter sands of this type in the United Kingdom which 
arc ])res(uit in sidlicient ([uantity to 1 k' commercially useful. Urt^y 
sancls, according to Boswell, occur at Ballyphetrish, Tirecu C'loua- 
kilty, Co. Cork (Irtdand), Jjaig Day, Eigg, and I.<agga.s Bay, Islay 
(Scotland) ; tlu'S(^ contain very small pro])ortions of iron oxide, 
though, on burning, they turn a rather darkei' colour. The sands 
of Ardara, Co. Donegal, vaiy from ])ale to yellowish brown, whilst 
those of Ballycastle and Portrush (Co. Antrim), C!oalisland (Lough 
Neagh), Machrihanish Bay, Millisku Co. Down, and Sutton, Dublin, 
arc also brownish in colour. They mostly tlarken slightly on 
burning, on account of the oxidation of tlu^ ferrous iron conqiounds 
present. 

The chemical composition of shore sands varies considerably, 
depending on the nature of the rocks from which they have been 
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^ the character of the actions resulting in their accumulation, 
ly other factors. The purest shore sands occur, according 
, ell, in the Isle of Jura, and contain about 0 -07 per cent of 
vvxide and nearly 98 per cent of silica. The sand at Sandy- 

ant Strand, near Dublin, used for glass bottles, contains only 
about 84 per cent of silica, 5 per cent of iron oxide, and nearly 
5 per cent of lime. 

The sands at Maghera and Sandfields, Ardara, Co. Donegal, 
contain about 0-7 per cent of iron oxide, as well as a considerable 
amount of calcareous shells and heavy cletTital minerals. 

The texture of shore sands varies considerably. According to 
Boswell, the best qualities contain over 90 per cent of grains botw(^en 
0-25 and 0-5 mm. diameter ; the beach sand of the Isles of Jura and 
Eigg contain over 95 per cent of grains betweem these sizes, whilst 
the sands of Maghera, Go. Donegal, Portrush, Co. Antrim, and 
Camas contain over 98 per cent. A few sands contain a largcu- 
proportion of coarser grains, as at Bt. Ives, where lO per cent of 
the grams exceed 0-5 mm. diameter. 

A variable proportion of grains less than 0-25 mm. dia, nutter also 
occurs in various shore sands. Thus, Boswell found that the sands 
of Sandfields, Go. Donegal, and BallycastU'. (Ireland) contain nearly 
16 per cent of grains between O-l and 0-25 mm. diameter; whilst 
at Clonakilty, Co. Cork, about 22-24 per cent of grains within th('-se 
limits is present; and at Machrihanish Bay, lirillyr)ln‘tii-;b. and 
Laig Bay (Isle of Eigg) there are respectively .‘>o, :M, ioi'l 15 ])(m- 
cent of the finer grains. The sands of Bandy mount Btrand, Dublin, 
Laggas Bay, the Isle of Islay, and at Millisk*, tb. Down, (ionsist, 
according to Boswell, largely of fine grains Indwecui 0-1 and 0-25 
mm. diameter, the fhst containing about 65 peu' e.ent, whilst the. 
other two contain between 70 and 80 per tu^nt of tlu'se grains. Ib^ 
found that the proportion of “clay” is usually cpiitc*. low, and 
seldom exceeds about I. -5 ])er cent. At AberdcMUi, howewer, it is 
nearly 3 per ctuit, and at Maghera Cnsm (Ir('lan(l) 8 ])('!• (xuit occuii's. 

Bhore sands are u.sed foi- various puiposes. Tlu^ English, shon' 
sands are too im])ur(! and too valuable in C()m[)()sition to b('. usial 
for any purposes other than those for which a (uude and impure 
sand will serve. Boiue of the. Irish shore saaids arey on tlu^ contra.ry, 
sufficiently ])iii‘e to be used for glass manuFa.etur(>. I'lie poorei' 
qualities are used for building purposes and where a mabu'ial 
of great purity is not essential. 

Silica Flour is finc'ly divided silie-a sand or (u-uslu'd (piai'tz, whicdi 
is used for various ])ur])oses, ineluding thc^ facing of dry-sand 
moulds so as to give a smooth surfae.ti to tlu'. eastings, as a liller 
and detergent in the manufacture of soaps and elea, using powdi'.rs, 
in metal-])olishes, etc. 

A small quantity of silica flour is sonu'tirues usc'd in tlu'. uiamifae- 
ture of silica bricks where a dense structure is required. Biliea flour 
is also used as an abrasive and in the manufacture of ulti'amariiuu 

Silica Rocks are largely used as sources of sand wlnu-e a suitable 
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incoherent sand is not available. They may be divided into four 
classes ; 

(i.) Quartzites and schists. (See Quartzites, p. 138, and Schists, 
p. 155.) 

(ii.) Silica rocks, sandstones, and grits (p. 147). 

(hi.) Ganister (p. 104). 

(iv.) “ Amorphous ” quartzites having extremely fine grains 
(p. 143). 

Siliceous Sinter is a form of hydrated silica, also known as 
geyserite and Kieselsinter ; it is produced by the precipitation of, 
silica from solution around hot springs, etc., where the solution 
comes into contact with the air. It may occur as crumbling and 
earthy, compact and flinty, or finely-laminated and shaly deposits. 
It may be dull and opaque or translucent, in the latter case having 
a pearly or waxy lustre. When pure, it is snowy white in colour, 
but is often tinged with yellow or pink. It consists of 84-91 per 
cent of silica, together with small proportions of alumina, ferric 
oxide, lime, magnesia, and alkali, and from 5 to 8 per cent of water. 
In Iceland, a bed of siliceous sinter is said to be six miles long, nearly 
a mile wide, and a hundred feet thick ; whilst in the Yellowstone 
Park, America, similar enormous beds occur. 

Silt is a detrital material produced by fluviatile, lacustrine, or 
glacial action, and consists mainly of very fine sand and granular 
non-]flastic materials, together with a greater or less proportion of 
cla3^ Seger defines silt to be that portion which may be washed 
away by water travelling at 0-7 mm. per second. This corresponds 
to particles between 0-01 mm. and 0-025 mm. diameter, but Boswell 
defines it as 0-0 1-0-1 mm., dividing the sizes into (a) fine silt, con- 
sisting of iiarticles between 0-01 and 0-05 mm., and (6) coarse silt, 
which consists of particles 0-05 to 0-1 mm. diameter. 

Silt may be composed of either fine calcareous or siliceous 
material, together with a variable proportion of clay, according to 
the nature of the rock from which it is derived. It is sometimes 
known as dum'p or duff. 

Thci Humber silt has been successfully used fur making bricks, 
many of which have been used for Grimsby docks and town. It is 
of a dark blue colour, which soon, from exposure, changes to brown. 
On l)urning, the bricks vary from a dark jjurple to a dii't}' vfiiite, 
passing through various shades of blue, red, and jmllow in a space 
of two or three inches. 

The slime or silt from the River Parrott is used in the 
manufacture of bathbricks, an important household abrasive and 
cleansing agent. 

Silver Sand is a fine white sand which owes its name to its 
supposed silvery appearance. It is found in small quantities in 
many localities in the form of “ pockets ” in clay beds. Large 
quantities of silver sand are imported from France as ballast for 
returning vessels, and for that reason it is often known as Calais 
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sand, though it need not have been quarried near Calais. It is 
largely used in agriculture for opening up heavy soils, as a coarse 
abrasive, for scouring purposes, glass manufacture, as a source of 
sib'p.n, in various chemical industries, and generally for all purposes 
hich a pure silica sand is used. The a])pcaranGe of silver sand 

jiten misleading, as it gives the impression of being a very pure 
sand, though this is by no means always the case. (See White, flamls, 

p. 168.) 

Soil is that portion of the uppermost layer of the earth’s surface 
which is in a sufficiently loose state of division to be suitable for 
the growth of plants. It consists of the finer jnineral particles 
produced by the action of the weather on rocks, together with 
decayed animal and vegetable matter — that is, of a mixture of 
sand and clay, with or without other materials, — and is exceedingly 
varied in character. Boil is usually formed by the growth of 
vegetable matter on the weathered upper surfaces of rocks. Apart 
from the disintegration of a rock at the surface, littlci change may 
take place until plants commence to grow in if. The decayed 
vegetable matter becomes mixed with the roc.lc residue and forms 
what is known as soil or earth. The organic substances dissolved 
in the water, percolating through this soil and descending to the 
rocks below, aid further in disintegrating the rock. 

A section through a soil bed and tlie rock below would show a 
continuous gradation between the soil above and the solid rock 
below, passing from the sandy subsoil through ])ebblos and larg('. 
stones until finally the undecomposed rock occurs. In. (Ircat 
Britain the soil foi'ms a layer from a few inthes to more than 
afoot thick, and below it lies the rock, with an intermediate matcM'ial 
— the subsoil — between them. There is frequently a strong r(^- 
semblance between a soil and the roc-ks on which it lie-s, but great 
differences between them exist so froqmmtiy that it is impossible 
to lay down any dcHnite rule for their comparison. 

In some cases, soils are formed by mahu'ial which has bcmi 
transported cither by water or by wind from some otluu- locality and 
deposited. 

Lust and sand may he intei-ceptcd I)y plants, ct(!., and gradually 
descend to the soil below or be washed down by rain, incireasing the 
thickness of the soil. Thus the ricdi soil of tlui ])lains of (hina, 
termed “ loess” (]). 125), is partly the result of the d(^])osition of 
blown detritus. In Central Asia the air is sometimes thick with a, 
fine yellow chist, whihi, in Khotan, is sometimes so thick as to 
o])sciire th(' light of the sun. This dust gradually settles and forms 
a valuable soil, rendering the land vei-y feriil(!. 

The action of the various natural ag(mcies at work in the dis- 
integration and weathering of rocks has alrisuly been (k^sctrilx'd 
(Cha]iter 1.). Boils are termed “ seckuitary ” when they h.av(^ 
been formed by the simple disintegration of th(^ rocks on which they 
rest, and “ transported ” when they have be,cai carried to other 
places by water, ice, or wind. 
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Soils are divided into four chief groups, according to their main 
constituent : (a) argillaceous or clay soils ; (b) arenaceous or sandy 
soils ; (c) calcareous or marly soils ; and (d) humic or peaty soils. 

The soils which most interest the reader of this volume are 
class (6), and these may be divided into three sections : 

(i.) Sandy soils containing 80 per cent or more of sand. 

(ii.) Loamy sands containing 70-80 per cent of sand. 

(iii.) Sandy loams containing 60-70 per cent of sand. 

Soils containing large proportions of sand are very porous, 
friable, and light or “ open,” and are very valuable for certain 
branches of agriculture. (See Vol. II., Chapter VITI.) 

The nature of the soil dejpends on the rock from which it has 
been derived. TulackofE classes soils as follows : 

1. Laterite soils, developed in humid, tropical climates, and 

marked by a high proportion of hydrated ferric oxide 
and alumina. 

2. Wind-blown, or loess soils. 

3. Soils of dry steppes, rich in soluble salts, often alkaline. 

4. Black soils (Tchernozem), rich in neutral humus. 

5. Grey forest soils, with le.ss humus. 

6. Peaty and ashy soils, including all the soils of Great Britain. 

7. Tundra soils. 

The effect of sand in soil is desciibcd later in Vol. II., (Jhai)ter 
VIIT. 

To the agricultui'ist the soils derived from sedimentary rocks 
ai‘e of gnuitcr value than those produced by the disintegration of 
igneous rocks. The alluvial depo.sits are soils in themselves and 
may vaiy fi-om light silty soils to heavy clayey beds, or they may 
be (!om])osed of peaty matter. Soils ))roduccd by glacial action 
an*, very varial)lc in charactci- and usually ai-e rich in clay and 
stones — often of limestone. Such soils occui- (‘specially in Norfolk 
and Suffolk. 

Th('. Kockuk^ soils ar(‘. very valuabl(‘ and ai'C' largc^ly utilisc'd 
around Lfuidon, though in souk' ceases, for example* in tlu* Bagshot 
sand, th(5 soil is very ])oor and almost woi'thh'ss for agricultural 
pur])o.s('s. The Poccaie Ix'ds yield the heavy Jjondon clay which 
is a valuable soil for souui purposes, but in tlu‘ south of Hampshire 
they are veuy pooi‘ and .sandy. 

The Chalk soils arc* thin, whitish, and ))oor, and are^ chic'fly 
employe'd for ])asturage. 

The U|)])er Greensand gives a dry, porous and linu'y soil of 
mod(n'at(i fcu'tility but sometimes ratlier thin. 

Th(' Gaedt gives a cold, sticky, brownish soil of little value. 

The Lowci' Greensand soils vary greatly* in charactci' from a 
very fertile land to that which is almost barren, these changes 
in character often occurring within very short distances. 

VOL. I M 
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Veald formation gives a stiff, yellow soil which is generally 
poor, though sometimes very prodiictivc. 

Hastings beds yield soils which are poor and sandy, whilst 
.iv-uv. .-n tlxe Oolite are generally somewhat clayey and calcareous. 

The Portland beds and Coral Rag give tliin, calcareous soils, 
though occasionally rich sandy loams are found which are very 
productive. 

The Kimmeridge clay beds give excellent ])asturc soil of a stiff 
clayey nature, and the Oxford clay is somewhat similar, being 
rather difficult to work and sometimes poor. 

The Cornbrash bods give calcareous soils, as do also the Porost 
Marble and the Great and Inferior Oolites. 

The Lias beds give light soils of very good quality, which arc 
excellent for arable purposes. 

The Trias soils are somewhat porous loams which are (^xccllcmt 
if not too porous. 

The Permian rocks give light, dry soils, which, arc gcmcrally 
fertile. 

The Coal Measure soils may Ix^ (uther light and sandy or very 
heavy, whilst in some places a mixture forms a v(uy us('ful, faiily 
light soil. 

The Millstone Grit rocks form very thin and poor, sandy soils, 
and .are often waste moorlands. The (Carboniferous Lilm^st()n(^ 
gives a thin, calcareous soil which is (Ux'pc'r and I'icius’ in the valk^ys. 

The Old Red (Sandstone weathers to a rich and ihxi]) soil of great 
value, though in some parts it is very sandy. It is also frecjiiently 
calcareous. 

The Silurian formation gives cold, (‘layey, or sandy soils, though 
in some f)arts it is fairly f(U-til(x 

The Cumbrian an(i Laurentian ixx^ks giv(^ good soils at low 
elevations, but at higJier ones tluy aixi poor and sa.iidy. 

Igneous rocks gciu'rally give vau-y thin and poor soils ('.\c('pt, 
in the valk'ys, wlu'.rci good soils an': .soim'times found. In some 
places granite give.s a V(‘ry fertik^ soil. 

In genei'al, the haiak'r rocks produce' ve'ry thin and poor soils, 
whilst the ‘softer roc.ks give' (kx'peu’ and riedu'i' soils. Clay rocks, 
of course, give clayey soils, whilst those' |)re)elue'e'el by (be' elis- 
integratiein e)f sand re)cks are' me)i'e‘. ssinely aiiel ligldie'r. 

Standard Sand is a term aj'plie'd, e'spe'e'ially in e'ennu'cCon wilJi 
the manufacture e)f concre'te, to a sanel use'el fea- e'eunparing the' 
binding pe)wcr e)f varieuis ('.(unents, anel, e'e'iive'i'se'ly, its a. nu'ans 
whereby the suitability of otlu'r sauels fe)r e'-e'iu're'te' may be* juelge'el. 
For this ])urpe)se', any otlu'r sanel is re'epdre'el te) pe)sse'ss as e'k)se'ly 
as ])e)ssible the same (|ualitios as the' stiuieku-el sanel. Tlu' Brilash 
stanelarel sanel is e'btaineel frenei .[..e'igbteni Bu/./.arel, whilst the' 
Amerie'an stanelarel sanel is obtaine'el fre'in Ottaava,, 111. Be)(-h the' 
British and the Amerie'an stanelarel spe'e'ifu'atie'jis fe)i' e'e'ine'iit re'epnre' 
the use of a sand e)f 20- te) 30-m('sh, Ac. ce)mpe)se'el whe)lly e)! partie-k's 
O'Olb to 0-U25 mm. diameter, though the British sands use'd iu 
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concrete do not always conform to this specification. The American 
standard specification demands sand consisting of rounded grains, 
whilst the British standard specification mentions the Leighton 
Buzzard sand, which is subangular. 

The standard sand in France is obtained from Leucate, the 
particles being between 1-5 mm. and 1 mm. diameter (0-04, to 
0-06 in.). A compound standard sand is also used in France 
consisting of equal parts of sands of the following grades : 
{a) 2 mm. to 1 -5 ram., (b) 1 -5 mm. to 1 mm., and (c) 1 mm. to 0-5 mm. 

In Germany a standard sand is used which is very similar to 
the British standard, but the German sand must not exceed 
28-mosh as compared with the 20-mesh in this country. 

The standard sand used in Austria is also similar to the British 
standard sand. 

Subsoil Sands are the arenaceous deposits formed by the dis- 
integration of rocks, and, when mixed with decayed vegetable 
and carbonaceous matter, form the soil which covers the surface 
of most parts of the earth. 

The colour is usually yellow or reddish, due to the j)resence 
of hydrous ferric oxide (limonite), which is an important colouring 
agent in nearly all weathered materials which do not contain 
any a])]3reciable proportion of organic mattm-. 

Tar Sands, see Oil iSands (p. 131). 

Terrestrial Sands arc those formed on land suifaces as the result 
of the disintc'gration of pre-existing rocks. They jnay Ijc classilied, 
according to tjake and Rastall, as follows : 

licmdual : graveds, sands, wacko, laterite, etc. tSodemtary. 

Onllmnal : talus and cliff debris. 1 

Alluvial : alluvium and swamps, and some loess. I rp,. 

Acolum : wind-blown sand and some loess ' 

Glacial : moraines, drumlins, cskers, etc. j 

Thanet Sands occur a,t the liasi' of the Mociuh^ formation in tlu' 
north of Kent and in tlu' Isle of fduuK't, from which the beds ar(‘ 
naiiKMl. Tlu'ir occurnmci^ and disti'ilmtion ai'i^ desci'il)(ul on p. (>7. 
Tlu'v vary in colour from gi'cy to pak' brown. At Charlton, in 
Kmit, th(‘ top IkhIs consist of clayi'.v sands, known commercially 
as “ IMa-ckfoot ” or “ Lritli ” sand, and a-n^ ns(‘d as moulding sand 
in foun.dri('s and shad Avorks. Th(' paler beds contain, accoialing 
to Boswell, about 95 per emit of silica and 2-4 pci- cent of alumina, 
togedher with about ()-42 per emit of iron oxide and a small ])(‘rccntag(^ 
of lime. Tlu^ principal (letrital impuriti(\s pi'cscnt include ilnamito, 
leucoxmuy limoniti^, zircon, rutile, tourmaline, staurolitc, andalusih', 
and muscovite, ddie sand is very fuK', containing, according to 
Boswidl, nearly 80 per cent of grains between Od and 0-25 mm. 
diameter, together with about I() iim' cent of grains between ()-25 
and ()'5 mm. dianietm-. A small ])roi)ortion of “ clay ” is also 
])resent, but it does not usually greatly exceed 1 per cent. The 
Charlton sand is used chiefly for ordinary bottle-glass. 
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1 the Thanet beds at Bramford, near Ipswicli, a dark-green 
j,uconitic sand occurs which, according to Boswell, has the 
f ollowing coni position : 


Silica 

. G0-()1 

Alumina . 


ll’itaninni oxitlo 

0-70 

Ferric oxide . 

l)-()7 

Ferrous oxide 

()-4.7 

Lime 

1 -22 

Magnesia 

1-81) 

Potash 

2'98 

Soda 


Pliosj>lioT‘ic acid 

O'lk 

Loss 

. 12-:58 


It is not at present used, but it might hc^ useful as a sourer', of 
potash. * 

Thorium Sands, see MomtzUn t-lmulfi (]). I2S). 

Till is a term synonymous with Glac.ial Drift, though it is usually 
applied only to the ])lastie clayi\y jioj'tion of the Drift. 

Tin-bearing Sands and Gravels are jirodueed liy tlu^ eonetuiti-ation 
of cassiterite obtained by the decomposition and disintcigration 
of granite rocks. The (!a.ssiteT’ite is usually associated witli tour- 
maline, topaz, axinite, garnet, wolfram, se.Iua'lite, limonite, magiu'iitrg 
and other heavy minerals, these, including tlu^ tin, temding to 
become eoneentrated at the bottom of tlu'. (l(^posit. Tlu^ sand 
itself is largely oomjiosed of tourma.liiU'-b('.a.ring (puirtz. 
greater part of the world’s Hupjily of tin is now obtained fi'om the 
tin-bearing gravels of Malaysia, whc'ri^ it is assoeiatcul with ilnu'uiti', 
arsenopyritci, wolfram, monazit<n' to|)a.z, and tourmaline, but is 
readily SO] larated by methods which arc' ba.s('d on the tin ore having 
a mue.h greater spc'c-ilie. gravity than that of tlu^ otlu'r miiu'rals 
associated with it. 

I’in also oee.ui's in th<^ isbinds of Hanka. and Billiton, in (lu' Dutdi 
Indies, in Siam and Burma, in Wi'stein Ansti'alia., d'a,sma.nia, 
Southern Nig('.ria, Bolina, Swaziland, and ilu' Ti'ansva,al, in Africa., 
and in Cornwall, Enghvad. N('a,i' St. Anslicll a, iin-))la.e('r ,^)d) ft,, 
thick occurs bone.ath Inals of gravel, s('a.-sa.nd, clay, and peal, fi'om 
40-44 ft. thick, and nesting u])on the solid rock. 4’h('s(' beds also 
contain mieroseopie particles of gold d(‘i'iv('d from lodc's of eoppei' 
and iron-pyrites. 

Titanium-bearing Sands an^ alluvial deposits eontaining titanium 
in the form of rutik^ (titanium oxiden TiO.J. 'rh('s(' deposit, s luive 
be.(m formed by the weatluu'ing and disini('gra.tion of d\'k(' rocks 
rich ill rutile, aided by ih(' subseipu'ut e()neeutra.l.ing a.etion of wa.t(‘i'. 
Titanium also oecairs as ilimmite (iitaiiatn of ii'on, tk'TiO.,) in, tlu' 
black sands vvliicdi oe.eur in dilTere.nt [lai'ts of tlu^ world, on "b('a,ehes, 
and on rivc'r banks. The. black sands of the St. laiwri'iiec' rivc'r 
are. titauiferous and have beem d(M‘iv('d fi'oin tlu^ gabbj'os vv'hieh 
abound in the district. Many of tlu^ eone(mti'a.t('s of tin and 
monazite sands are akso rich in ilmenitm Thosc^ in Ti'a.vane.oiM' 
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contain over 50 per cent of ilmenite which may be recovered, 
as a by-prodnet, in the magnetic concentration of the monazitc. 

Tosca is a pozzuolana (p. 136) or volcanic ash found at Teneriffo 
in the Canary Isles. It is used chiefly in Spain as a superior 
substitute for part of the sand in mortars and concretes. 

Trass is a powdery volcanic tuff or scoria consisting of con- 
solidated volcanic ashes. The name was first applied to a material 
occurring in the valleys of the Brohl and the Nette, two^ streams 
which discharge into the Rhine. Trass was introduced into^ this 
country from Holland and was known as “ Dutch Tarrass.” It 
occurs in many other countries, sometimes in an earthy mass 
and sometimes as a rock. Both forms may bo used, the rock 
being in some places superior to the earthy form, whilst in others 
the earthy form is the better. 

Traoliyte- and leucite-tuffs arc very similar in comioosition and 
pro]i(^rtic^s to trass. 

Table XXTII. gives typical analyses .showing the comi)(>sitiou 
of trass ; 

Tablk XXILI. — Anai.y.sic.s of Tuass 



Sllinv, 

AUiiiiliiii. 


Lime. 

Mautiealn. 

I'ollisll. 

Hi )ila. 

W'jitur, 

Diiteh trass 

-K) 

21 

12 

2 




12 

^I’racihytn talT . 

(>:{ 

21 

4 

1 

1 

2 

2 

■1 

Ixxioil,e tulT 

()7 

ll 


H 

2 

1 

1 

2 


'^riic important ingi'cdicnt of tra.ss fi'om a technical oi’ c-om- 
iiuM'cial point of vicnv is tlie free silica, possibly also sonu' lr(‘(^ 
alumina, wliicdi (;oml)ines with tlu^ liim^ s<‘t fi'(‘(i wluui Portla.n(l 
c,(mi(uit is w(dt(Ml, or with the wet linu^ in ordiiiai'y mortar, to lorm 
a ('.(Miuaititious ma.t(M'ial. This ])orti<)n of tlu' silica, is seldom 
in(lieatc^(l in a chemical analysis, though it is tlu- only activci 
ingr('(li(mt in trass, all tlu* otlu'r mal.ei'ials Ixang of an inert natur(n 
Trent Sand is a sand obtaimal from tlu' rivc'r 'I'rcnt, and is 
us('(l in the building trade's and for polishing. Simihir sands li'oin 
th(' S('vern and in otlau' i'iv(‘rs in this counti'y arc' usc'd for llic' 
saance purposes and arci occasionally sold as “ d’l'C'ut sand.” It is 
an ordina-ry ri vcu'-depositc'd sand of nu'dium gi'adc', c'xcc'llc'id. a,s 
an abrasive and polishing agc'ut, but not sudicic'ntl.v’ pure' to bc^ 
used as a. sources of ])uro silica, or for ghuss nninufa,ctui'(', c'tca 

Triassic Sands comprise tlie Buntcii' and tlu' K.('up('r sands, 
wliicdi may vary in (iolour fi-om wlntx* to brownish, and ata^ of 
wid('ly dilh'ia'ut textuiai in dillcnuit h)ealiti('s. Tlu'ir oceui'iamcc' 
a,nd distribution have aln'ady been (h'sci'ilx'd in Chaptx'r I. (S('(^ 
also Bimler p. Sf), and Keiipcr HawLs, p. 123.) 

Tripoli is a variety of kieselguhi' or diatomac<M)Us ('ai'th (j). l)(i) 
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which, is found in Tripoli and Bohemia. It is more compact than 
the material in most diatomaceous beds and is somewhat laminated 
in character. It is chiefly used as an abrasive for fine polishing, 
but it is also employed as an absorbent in the manufacture of high 
explosives and to a limited extent in the manufacture of porous 
plates and filtering media. 

Tuff or Tufa consists of volcanic ash which has been con- 
solidated by pressure into a rock of varying hardness. It is found 
in the vicinity of most extinct and active volcanoes, and is some- 
times ground to powder and used in the preparation of hydi’aulic 
mortars, including ^ozziiolana and trass mortars or cements. In 
many ways it resembles trass (p. 165), but contains loss active 
material (soluble silica). 

Peperino is a dark-brown earthy granular tuff found near Romo 
and containing crystals of augite, mica, leucite, magnetite, and 
fragments of crystalline limestone, basalt, and loucitc-lava. Pala- 
gonit&-tti,fJ is a bedded aggregate of dust and fragments of basaltic 
lava containing angular pieces and minute granules of ]3alo yellow, 
green, red, or brown altered basalt glass called palagonite. It is 
found in Icelandic and Silician volcanoes, at Eifel, Nassau, 
Auvergne, Scania, Earoe Isles, Canary Isles, New Zealand, etc., 
and also in the Carboniferous rocks of Ckmtral Scotland. .Pelitic 
tuff is a volcanic ash composed of minute particles of volcanic 
detritus, basalt, and microlites. It is obtained mainly in dee])-sea 
dredgings ; the quantity available is far too small to be of scM’ions 
commercial value. (See also Pozzuolana, ]). 136.) 

Tungsten-bearing Sands are alluvial deposits containing tungsten, 
as wolfrainito (tungstate of iron and niangaiies(i (KeMn\V(),j), 
such as the sands and gravels of Soutluu’ii Hunan, Soutluu'n 
Kwangsi, and Kwantuiig in (!]iii\a, fi’oin vvliicJi deposits nu)st of 
the Chinese tungsten or(^ is obtained. Wolframite^ also oiuuii's in 
alluvial dc])osits in the hill slopes in Buiana and in the Malay Stakes. 

iSchoclite (calcium tungstate, CaW(h) ocuuirs in (h'posits Formed 
by the surface! wcathei-ing of linu'stoiu! with intrusive' gra.nil,e!H in 
the Kinta Valley, Malay State's, fi'e)m whie'h le)e!ality it. e'an bei 
readily obtained. 

In Arizona, wedframite and se!he!e!lite!, te)ge'the'r with hubiu'i'ite' 
(tungstate e)f mangaiuese! (MnW(h) with ii'ein), e)e'e'ui' in the- 
.Drage)on Memntains. Thesei eleeposits are! ve'.ry rie'h anel yie'lel a 
concentrate containing 70 per (ient e)f tungstie! e).xiele'. 

In Hngland, wolframite! oceeeirs in asse)e',iatie)n with e'a.ssite!i-il-e! in 
the alluvial deposits e)f Be)dmin Moor, whieeh have! he'e'ii eh'rive'el fre)m 
the disinteigratie)!] of the ])e!ginatite ve!ins whie'h traveerse! the! granite! 
in this district. 

Vitriflable Sands are the)se in whieih some! e)F the! e!e)nstitaie'nts 
melt at a re!latively le)W temf)erature anel i)rodue!e! a ele!nse', impe!rvi- 
ous, or even glassy mass. The constitue'.nts which j)i'e)elue!e! vitrilie'.a- 
tion in sands of this kind are principally lime, magnesia, anel alkalie!H, 
all of which combine with the silica anel fejrm fusible! silie!ate'H, whie'.h 


VOLCANIC SANDS 


167 


melt to a glassy mass. If these constituents are in excess they are 
injurious, as they produce too fusible a mass. 

Vitrifiable sands vary with respect to the range of vitrification 
according to the number and nature of the fluxes present. Thus 
lime shortens the vitrification range of the sand, and the time taken 
in producing a thin liquid glass after the lime silicate commences 
to molt is very small. Magnesia, on the other hand, tends to 
increase the range of vitrification. When several fluxes are present 
simultaneously, they usually effect a more active and rapid vitrifica- 
tion than when only one flux is present. 

Where a vitrifiable sand is required, but is not available, a more 
refractory sand may be rendered vitrifiable by the addition of 
suitable fluxes, such as soda, lime, or even felspar, in the requisite 
proportions, so as to produce a sand which becomes fluid at the 
desired temperature. This is the basis of the manufacture of glass. 

Volcanic Sands are usually very siliceous and consist of angular 
grains, as they have been subjected to much abrasion or weathering. 
They contain particles of all sizes up to that of a pea, together 
with large c][uantities of microlites and crystals of minerals, 
particles of volcanic glass, and minutely cellular- fragments ancl 
elliirtical (“hour-glass”) particles. The finest dust is, in volcanic 
sands, ultra-microscopic. 

The^ following analyses, due to Silvesti’c, ai-e typical of the 
composition of volcanic ash and sand : 


Silica .... 


A.sh. 

. 50- 00 

Snail. 

4<)'80 

Aluraiiia 


. H)-()8 

18-20 

Ferrous oxide . 


. J2-l(i 

12-42 

JVIangaiious oxido 


0-40 

o-ir> 

l.iiitio .... 


9-!)S 

1 1 •()() 

Magtu'sia 


4-12 

4-()0 

tSoda, .... 


,‘{■72 

;{■()() 

I’otasli 


()•()() 

()-‘I!) 

Wat.(M' 


0-:{(> 

0-2!) 

I’liosplioric acud I 
yilanium oxidi' I 
V'a,iia.dlum oxi<l(' j 
l^’orric oxiilo j 


i.ra,cc.s 

(races 



Wad is a-ii (airthy form of malrg^ln{^s(^ dio.vidr*, formed iu low- 
lying distric^ts by tlu^ (h'c.om position of mangain'sc'-bear-ing miiu'rals. 
It is dnll black a,nd amorjriunis, a.ird oftmi contains cobalt oxideg 
OIK', variidy known as Afihnlanc. or cart hi/ rohitll containing up lo 
112 pc'.r (‘(Sit. Another variety of wad, hi in, pad Hr, contains IH jx'r 
(xmt of (toppei' oxide. Wad contains a large proportion of maii- 
gaiK'sr^ dioxide and is usi'd for making chlorine and tor nmlx'r paints, 
whilst asbobine is usixl as a source of cobalt. 

Warp is a mixture of sand, silt, a.n(l ciay. usimlly of lluviatik', 
estuarine, or marine origin, such as occurs in the Mum her district, 
where it is a light chocolate-coloured material of a soft, silky 
nature, having b(X'n produced by the disintegration of the Boulder 
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Olay and washed up by the sea and tides into the estuary ot the 
Humber. It differs from the fluviatile deposits of the rivers 
flowing into the Humber, which are richer in sand and silt but 
poorer in mica. Much of the land west of the present mouth of 
the river Humber consists largely of warp. This material is of 
small commercial value ; it has been used as a brick earth, though 
not well suited to this purpose and very difficult to mani])ulato. 

Wealden Sands occur in that portion of the Cretaceous J^lyshun 
which is of fluviatile origin beneath the Weald clay. They are 
dealt with under the heading Hastings Sands (p. 121 ). 

White Sands consist chiefly of quartz, felspar, and otlu^i- c^olour- 
less minerals. Heavy detrital minerals are generally absent or 
present in very small proijortions. The fact that a sand is whiter 
does not necessarily mean that it is pure quartz, as it may c.ontain 
large proportions of felspar, mica, and similar minerals. Hands 
composed of pure quartz are, however, white and are very valuabh'. 
for glass-making and other purposes where a pure sand is needcal. 
The 230cket sands of Derbyshire, Btaffoi'dshire, and Walcis are white, 
but contain a considerable 2 )ro 2 )ortion of mica and other im- 
purities. White sands may also bci bleaching 

action of carbonaceous matter, which reduces the iron comimunds 
to the ferrous state and causes them to be removed in. solntion. 
White sands which develo]^ a pinkish tinge on heating havci usually 
been bleached in this way, but still c.ontain some ii-on (U)m pounds 
in the ferrous state, which is oxidised on heating and j)i'odue,cs tlu^ 
colour. The terju While sand is sometimes ap])li('d to gi-oun.d silica, 
rock. 

Wolfram deposits contain tungstem. ore in partich's of va,rious 
sizes scattered through a matiax of granih^ and (piai’tz. (H('(', 'rvvg- 
sten Sands, p. KKi.) 

Woolwich and Reading Sands are (le.sci’iln'd in ('liapicr I. (p. 07). 
They are chiefly em])loycd for building |)ui'p()s(\s, hut souu^ ar(' used 
in the manufacture of l)rieUs, tih's, and nal ('arlJumware. 

Yellow Sands generally owe tludi- colour to the prcs('nc(' of 
hydrous ham oxide {ImionUe) . In sona^ volcaaiic. districts wIkuh' 
sul|)hui' is very abundant this may giva^ a characteristic v('llo\v 
powder which might Ik^ mi.stakcm for sand. 

Zirconium-bearing Sands oec.ur as riv(>i- and bcaich deposits in 
Travancore (India), Brazil, and (k^ylon, tlu^ zirconium b('ing in tlu' 
form of zircon (zirconium .silicate) fornual fi'om tlu^ decomposition 
of pegmatite I'oe.k and syenites. 

In Travancore the non-magiudie. rtisidiu's of tlu^ m()na,zit.c sands 
consist almost entirely of zircon. (Hta^ Monazilc Sandfi, p. I2.S.) 



CHAPTER IV 

MINERAL AND OTHER CONSTITUENTS OP SAND 


At the commencement of this volume it was stated that a sand 
might be defined as any loose detrital granular material occurring 
in accumulations of various kinds as a result of atmospheric, 
aqueous, chemical, volcanic, or organic action, the particles being 
of any size between 0-01 mm. and 2 mm. diameter. Thus a sand 
may contain any mineral which could possibly occur in Nature as 
the result of some natural action. Consequently, almost all 
minerals which are capable of resisting the action of weather may 
be found in one or other variety of sand. As sands are ])ro(luced 
by the disintegration of various igneous, sedimentary, or other 
rocks, their mineral constituents will be the same as those of the 
rocks from which they have been formed, with the exception of any 
minerals which may be removed in solution on or after the dis- 
integration of the parent rode, and with the addition of any other 
minerals which may have been brought into the sand, as by trans- 
l)()rtation from some othei’ locality. 

Minerals other than silica (which is the chief constituent of most 
sands) may oe.cur in four distinct conditions according to tlu^ cir- 
cumstances under which they have been ])rodueed : 

(1) Crystalline minerals as: {a) mon^ or k'ss regularly dedined 
crystals, though these are rather infi-eciuiuit (^X(^e])t wluu'e sands 
have not been subjected to much abrasion or ti'ansportation. d’hc 
crystals may Ixi s('parate or assocaatc'd in twos (twins) or tlnxs's 
(trins), according to the nature of tlu' mimu'al, whilst in othei' 
(iases a crystal may be built up of sim])l(^ “ microliths.” (k) 
AmorpJious ])articles or aggregations of particdc's luiving an iidauaial 
crystalline structure. This type of grain is most common, as th(‘ 
ext(u'ior of the crystals has often been largely removed by attrition 
and corrosion due to ])rolonged exjmsure to weatluu'ing and oth(‘r 
influences, whilst the grains in the original rock, Ixdorc* dis- 
integration into sand, may not have ])o.ss(‘sscd ])erf('ct crystalliiu' 
form. Thus in granites and similar rocks the crystallisation of 
the various minerals has been largely impeded by sun-ounding 
grains, so that irregularly-sha))cd crystals are the result. VVdnui 
such a ]'ock is disintegrat'd the loose grains ju'oduced will be 

16 ') 
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similarly irregular in shape, whilst at the same tirm- the 

internal crystalline character of the particular iiiiiici'iil ••f \ihich 
they are composed. Where a sand has been produced by the 
disintegration of a rock which contains perfect crystals of quartz 
and other minerals, a large proportion of these crystals will occur 
in the sand, though their shape will be modified by the mechanical 
abrasion to which they have been subjected by the action of th(^ 
water, ice, or air during transportation from one locality to another. 

The fact that a mineral is crystalline in character, even though 
it may possess quite irregular external outlines, may bo readily 
detected by examining it under a microscope with polarised light. 
With the exception of minerals of the cubic system, which arc', 
invisible in the dark field produced by crossed nicol prisms, all 
crystals and fragments of crystals are just as visible in polarised 
light as in ordinary light, whilst non-crystallino (isotropic) sub- 
stances are invisible, or almost invisible, under such conditions. 

A third form (c) in which crystals occur in sands is as “ ci'ystal- 
lites ” or “ microliths,” which are incipient forms of crystallisation. 
Crystallites occur particularly in sands of volcanic origin. They 
consist of inorganic jDarticles possessing a more or loss definite 
sha]oe, but generally without the geometrical characitc'rs of true 
crystals. They may appear like drops or glohulites of an isotropic; 
character, or they may be elliptical or have shar]) cc^rners. ()thc;rs, 
termed microliths, are rod- or needlo-sha])ecl and arc; oftcui in 
variously-shaped groups. Augite, hornblende, a])atitc;, and fel- 
spars may occur in rudimentary forms of this kind. Th(;y are 
usually colourless, but may be black and opacpio on ac;count of a 
ferruginous coating. 

Hair-like forms {trichiles) sometimes oc;cur, whilst various 
granular and fibrous grains of indefinite shape and c;]uira(;tcu‘ are 
also known. 

In some cases miucirals having the; c;xtornal form of iuiotlu'r 
mineral which they have replaced in the rock fi'om whicL tin; siind 
has been produced may occur. Tlmse a.r(i terimal i)s(‘uthy})i.()r))hs. 
Quartz frequently replaccvs other minei’als in rociks smh a,s caJcii.c^ 
aragonite, siderite, gypsum, r()(;k-salt, hacmiatitc', cdc;., a.nd so ma,v 
bo found in sands having a different (;rystallin(; form i.o that, wliich 
is usually assoeiatexl witli it, the; silic;a having Ix'on hroughf. inl.o 
the rock in solution and rcijjlacing sonu; otluir miiuu'al whoso 
crystalline form it has assumecl. 

(2) Glassy or Vitreous Minerals.— Sands sonudinu's coni.ain com- 
minutcHl or granular particles of “ glass,” ])aidi(;cda,i'ly those of 
volcanic origin. This “ glass ” may in{;ludci c;rystaJs or cuystah it.es, 
or both, and may consist of sevc;ral minerals fused into o'lU' homo- 
geneous std)stan(;o. This may be vai‘iously coloured, but is 
gcuioraily black or dark green when ])ai'tielos of it arc; (;.\a.min('(l. 
Very thin sections are either nearly colouii(;ss or pak; brown. 
Such glass ” may be recognised by being isotropic; to polai-isc;(l 
light; that is to say, that at no imsition of the polarise;!' is the* light 
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passing through the grains visible. The various inclusions which 
may be present are rendered readily visible by polarised light. 

(3) Colloidal Minerals. — Substances may be present in sands 
in the form of a jelly-like or horn-like material which may be 
either in its natural state or hardened into a stony mass. Chalcedony 
is a typical example of this form. In some cases these materials 
may be converted into the colloidal sol form, in which case they 
will remain in suspension in water for an indefinitely long period. 
Most sands contain only a very small percentage of colloidal matter, 
but this is often of great technical and industrial importance. 
In agriculture, for example, the thin film of colloidal matter sur- 
rounding the inert grains is the storehouse of almost all the nutriment 
on which the plants depend for their existence. The enormous 
technical importance of the apparently trifling proportions of 
colloidal matter in sands has not as yet been sufficiently realised. 

(4) Amorphous Minerals. — Various substances may be present 
in sands as grains having no regular structure or shape, but occurring 
in irregular or indefinite forms such as granules, stains, or films. 

Some of the minerals found in sands, and especially quartz, 
are very frequently found to contain inclusions of various kinds. 
The principal inclusions are : [a) cavities filled by air or gas ; 
(6) cavities partially or completely filled with a liquid ; (c) globules 
of glass ; {d) crystals ; and (e) filaments or indefinitely-shaped 

particles. 

Cavities which are either empty or filled with gas (usually 
nitrogen) are very common in some minerals ; they are usually 
of a spherical or elliiDtical shape and are generally very small, more 
than a million sometimes occurring in one cubic inch of material. 

Cavities containing a liquid and having a curved, oval, or 
S])herical sha])e are quite common and ap].)ear under a inicrosco]ie 
to have .shar])ly-dcfined black borders. In some cases they ha\'e 
a definite geometrical foi'in. When such cavities occur in particles 
of quartz they are geiicu'ally hexagonal in shape. They vai'y in 
size from microscopic! dimen.sions to cavities readily visilile with 
the nakcid eye, the latter being fairly common in large (piai'tz 
crystals. These cavities usually contain watiu', but potassium 
or sodium chloride may be ])resent as wcdl as jiotassium, sodium, 
and ealcium suljihates. (kirbon dioxide may also be present in 
solution. tSuch cavities are .seldom coiiqiletely lillcd with litpiid ; 
they usually contain also a small bubble of air or gas. 

.hTuid incilusions may occur dLsseininated through a crystal in an 
irregular manner, or they may be arranged thdinitidy along intc'r- 
secting ])lanes, as in quartz, fels])ars, topaz, bca-yl, and otlu'r minerals. 

Cavities containing a pale greenish or brownish glass with 
several immobile bubbles often occur in crystals. ITu^y ar(! usually 
aggregated in the eenti'e of the crystal or are arranged in zones, 
as in felspar, quartz, loucite, and other minerals. 

Crystals of various kinds often occur embedded in crystals 
of quartz, felspar, and other minerals ; they are generally arranged 
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in the centre of the crystal or in zones. Quartz crystals frequently 
enclose grains of such minerals as rutile, haematite, limonite, 
pyrites, chlorite, etc., molten quartz having solidified around those 
minerals in a cooling mass, or having crystallised around them 
from an aqueous solution. The enclosed crystals may be either 
perfect or only partially formed. The minerals which most usually 
contain inclusions of this kind are leucite, garnet, augite, hoim- 
blende, calcite, fluorite, etc. A mineral enclosing other grains 
is usually termed a perimorph, whilst the enclosed grains are termed 
endomorphs. 

Filaments or streaks often occur in crystals. Thus mottlcid 
patches occur in orthoclase as a result of its partial decomposition 
with the formation of kaolin. Decomposed magnetite enclosed 
in minerals sometimes produces brownish patches or discolorations. 
Tufts and vermicules of some green ferruginous silicates also occur. 

Essential and Accessory Minerals. — The minerals in sand may 
be divided into essential and accessory ones, and also into original 
and secondary minerals. Essential minerals are the most important 
constituents and those which, if absent, would greatly alter the 
character of the sand. Thus quartz is the commonest essential 
mineral in sands, as it is usually the most important constituent, 
and if removed would altogether alter the nature of the sand. 
The essential constituents of any sand are always presemt in tlui 
rock from which the sand is derived. 

Accessory minerals may usually, though not always, be regardcul 
as undesirable impurities. They generally occur in small propor- 
tions disseminated through the sand, and are chiefly deiivc'd from 
the impurities or accessory minerals in the original rock, though 
other accessory minerals may be introduced during the trans])()rta- 
tion of the sand from one locality to another, or by the d(q)osition 
of detritus from one locality amongst the ])artic.los of sand (Us'ivcid 
from anothcu’, or by the percolation of waters (iontaining minerals 
in solution, which minerals eventually e.rystallise out amongst the 
grains of sand. The absence of such accessory substamu^s would 
not, in most eases, adversely affect the nature of tla^ sand and would 
usually, though not always, be an arlvantagci. 

As most sands have been subj(H!tod to w(‘atli('ring, acca^ssory 
minerals in them are invariably those whicJi hav(i tlu^ greah'st 
resistanoe to such influences ; any readily dee()mposa,bl(' a-cc(‘ssory 
minerals in the original rock would soon be deeomi)osed and rcmovc'd, 
so that only the juost resistant minerals would nunain in tlu’i sand. 

Primary grains are, of course, those which havi' Ik'cu d(a'iv(Ml 
from the disintcgi'ation of the original rock from whidi tla^ sand 
was fornied. Secondary minerals, on the other hand, arc^ thos(^ 
which, have been introduced into the sand sonu^ time afh'i' ilu^ 
disintcgi'ation of the original rock. Such additions may be diu' 
to trans])()rtation, the siqiorposition of other miiK'.rals, or the piu'- 
colation. of water through the bed. (lalcareous, ferruginous, and 
carbonaceous matters are [irobably the commonest secondary 



173 


FORMS OF SILICA IN SANDS 

minerak, though many other substances may occur. In some cases 
a^ mineral may be both a primary and a secondary constituent. 
Thus grains of quartz may occur in the original sand, whilst 
secondary quartz may be introduced by percolating waters, some- 
times partly consolidating the loose sand into a. sandstone or sand- 
rock, and sometimes crystallising around the original grains. 

Secondary minerals may also be produced by the alteration • 
of some of the original constituents of the sand with the formation 
of now ininerals. Thus the mineral ilmenite may be joartially 
changed into leucoxene. Ferric oxide (haematite) or magnetic 
iron oxide (magnetite) may be partially converted into ferrous 
oxide or linionite ; many other similar changes may occur, the 
resultant products being secondary minerals. 


SILICA 

Silica is the commonest constituent of the earth’s crust. 
According to F. W. Clarke it occurs to the extent of about 60 per 
cent of the total weight of the rocks forming the crust to a depth 
of about ten miles. It is an essential constituent of many igneous 
rocks, especially the acid plutonic rocks such as granite. It is an 
important constituent of many metamorphic rocks such as gneiss, 
schists, etc., and forms a very large proportion of the bialk of 
sedimentary rocks. In addition to this, it is one of the most 
resistant materials, and in its crystalline form, as quartz, is able 
to pc^rsist through weathering actions extending over an almost 
indelinito ])eriod of time, the only action which takes ]:)lace being 
the rounding of the corners due to mechanical abrasion. Cnn- 
se(|ucntly, silica in various forms is the Commonest constituent 
of sands, many deposits consisting almost wholly of silica. 

Tlui silica present in sands includes that wliich occurs as free 
(piartz, or free silica in some other form, and also that which is 
combined with other substances forming silicates and alumiuo- 
sili(!at(\s, such as fcls])ars, mica, clays, etc. 

Free Silica occurs in various forms in Nature, some being 
amoi’phous, whilst others are truly crystalline. Tal)l(‘ XXIW 
shows the various forms in which silica may t'xist in tlu' free state ; 

Tablk XXIV. Kokms ok Sii.ica 


stale. 

Itliucnil l’’()nii. 

AMOIO’UOCS . 

Amorphous silica 


I Quartz 

(JllYSTAULlNK 

• Tridyinite 


1 Cristobalito 

ClOLLULAR . . I 

Cellular silica . 


/ I’l-ocipitaUHl .silioti. 

\ Silica fflass. 
a-quartz, l-i-qiiartz. 
a-ti'i(lyiniic, /i-tridyinile. 
rt-fu-istobalitc, /li-cristobaliic'. 
. DiatuiiiaceoiiH earth, etc. 


174 


rORMS OF SILICA IN SANDS 


Those forms which are designated by the Greek letter a are 
stable at ordinary temperatures and are most lilcely to occur in 
Nature, but where a rock has been suddenly cooled, the form 
designated by the Greek letter fS, which is stable at higher tempera- 
tures, may not have had sufficient time to revert to the form stable 
at low temperatures, so that it may occur in Nature as well as the 
more stable a forms. 

The nature of the various allotropic forms of silica is not 
thoroughly understood, though various theories have been ])ut 
forward to explain them. The theory of W. and D. Asch suggests 
that the various forms of silica contain a different number of 
atoms of silica to each molecule, with the result that forms having 
different specific gravities are produced. As the specific gravities 
of tridymite and cristobalite are less than that of quartz, the; two 
former, according to this theory, contain a smaller number of atoms 
in their molecules. Whilst it is almost impossible to ascertain 
the molecular weight of any solid substance, it does seem certain 
that all forms of solid silica must contain many more molecules 
than are represented by the formula SiOg, this being a minimum 
formula. If it were correct, silica, as anafogous to carbon dioxide, 
would be a gas instead of an almost infusible solid. Some investiga- 
tions of Martin on organo-silica compounds appear to show e.on- 
clusively that the ordinary laboratory form of precipitated silica 
must be represented by at least six times the usual formula, and 
Martin’s experiments confirm the views of W. and D. Aseth as to 
the hexagonal or ring arrangement as representing a minimum 
formula for this form of silica, which in this respect is analogous 
to Kekule’s famous benzene ring theory of the*, constitution of 
certain carbon compounds. An investigation of the X-ray sjxuitra 
of the various forms of silica would be "of great value in 'this (;on- 
nection, though their interpretation is exceedingly di(fie,ult. 

The various forms of silica may veuy convenicmtly be r(^- 
gmded as suggested by W. Ostwald' as hiiving diJT(ir(Mit d(yn'('(%s 
of diH])ersion, ranging from the (irystalline form, such as (piartz, 
through chalcedony, hyaliky geyserite, and soft opal to a colloidal 
silica gel, th(‘. ])ro])ortion of water in the lnat(^ria] varying pi'o- 
gressively with the tlegreci of dispersion. 

Amorphous Silica occurs in sands in various forms, tlu^ c-hieff of 
which _ are o-pal, and (jey,serite, the last-nuuitioned usually 

occurring alone and not as irregularly-diss(uninat(Hl parti<;l('s in 
other sands, 

Flint is a form of precipitated amori)hous silica produc('d by tlu^ 
deposition of silica around some nuc.kuis, such as a. minute sludl-lish, 
sponge, or other organism, or around some inorganic Hul)stan(Hu 
By ]jrolonged deposition, irregular nodules of a gr(;y oi- black 
colour are produced, the size varying considerably. A larg<^ ])i'o- 
portion of flints could not be class<Hl as sand at all, but the smarlkm 
fragments which occur in Ksome sands may be included. Tluy do 
not usually consist of perfectly pure silica, but contain about 
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5 per ceAt of impurities, chiefly organic matter and chalk, the 
carbonaceous matter present being the cause of their dark colour. 
Flints are extremely hard and break with a conohoidal fracture. 
According to Roscoe and Schorlemmer, flint is an intimate mixture 
of amorphous silica and quartz or tridymite. 

Particles of flint are comparatively rare in sands, though there 
is a bed at the base of the Thanet sand containing a large pro- 
portion of angular chips, showing a minutely granular structure 
under crossed nicols, and giving a dark colour to the sand ; in some 
places, particles of altered black flint occur. Flint is more fre- 
quently found in recent sands than in those of considerable age. 

Oli&rt, or hornstone, is an impure variety of flint formed by the 
deposition of sponge spicules. It is truly amorphous, but in some 
cases it appears almost as if it were crystalline. In colour the 
grains are grey, brown, or black, and they have a flat rather than a 
conchoidal fracture. Chert is common in sands of all ages and is 
a frequent constituent of the Carboniferous rocks ; it also occurs 
in the Leighton Buzzard and Huttons Ainbo sands. 

Qhalc^ny is an opaque variety of amorphous silica and is 
somewhat fibrous. This also, according to Roscoe and Schorlemmer, 
is an intimate mixture of amorphous silica and quartz or tridymite. 
Like flint it is generally formed around a nucleus of some foreign 
matter. It is very hard (7 according to Mohs’ scale), has a specific 
gravity of 2 -65-2 -58 and a refractive index of about 1-54, which is 
rather lower than the refractive index of quartz ; the birefringence 
of chalcedony is also somewhat lower. In colour it varies from 
white to bluish -white or brown. It contains combined water, 
which is evolved when it is heated to 100°-2()U° C., the evolution of 
steam often causing the fracture of the material. On further 
heating to about 600° C. it changes into quartz and finally into the 
lowcu’ specific gravity forms of crystalline silica (eristobalite and 
tridymite). Tliere are many varieties of chalcedony, though most 
of them do not occur in sufficiently small grains to bc^ classed as 
sands. The chief varieties are carndian, prane, agate, and onyx. 

Opal is a variety of hydrated silica similai' to chalcedony and 
contains 5-10 ])er cent of water. It is considerably sofiei' than 
(juartz, its hardness being only 1-9-2-3 on Mohs' scale ; its specific, 
gravity is only 2-2 and its refractive index 1-45. It is o])tically 
isotrojne. 0]ial is produced by the deimsitioii of silica from 
solution in waiter or by the hydration of anhydrous silica. 

t^iliceoiLS Winter or (Jeyserite is a loose, porous form of amorphous 
silica, produced by precipitation or evaporation from its solution 
in w^ater. Jjargo clcqiosits of this matei'ial occur around hot springs 
in Iceland, Yellowstone Park, U.S.A., etc. 

Other forms of liydratecl and amorphous silica which rarely 
occur in sand deposits include hydroidiane, hyalite, menilite, Jloai 
stone, etc. 

Silica glass is an amorphous form of silica which is seldom or 
never found in sand deposits. The only known natural form of 
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this substance is Lechatelierite. As an artificially prepared material 
it is well known commercially as quartz glass or fused quartz. 

Colloidal Silica is amorphous silica and includes several varieties 
previously mentioned, such as flint, chalcedony, etc. Colloidal 
silica may contain any proportion of water up to more than 90 por 
cent, those forms which contain the least water being harder and 
denser, whilst those containing more water, such as siliceous sinter, 
may be quite soft. On heating any form of colloidal silica, water is 
lost, the presence of salts rendering the loss more rapid. The 
dehydrated silica cannot be rehydratcd again except with groat 
difficulty, and if it has_ been heated to redness its complete ro- 
hydration is almost impossible, on account of the hardness of the 
material. Colloidal silica, as found in Nature, is chiefly in the gel 
form, as the more dispersed sol form can only exist in the presence 
of relatively large quantities of water and is only recognised with 
difficulty. 

Silica, when sufficiently finely divided, so that its particles are 
ultra-microscopic in size, assumes in the presence of water an 
electro-negative charge on each particle, and if there are no intcrfe.i'- 
ing conditions, the minute particles of silica will persist in a ra])i(l 
motion which is only limited by the walls of the vessel in which the 
material is contained. As a particle of silica in this aedive^ states 
approaches another similarly charged, the two particles will mutually 
repel each other, so that their motion is perpetual so long as otluu- 
conditions remain constant. The motion of the particles may rciadily 
be observed by means of an ultra-microscopic examination. 

Silica in this colloidal sol form is exceedingly s(>nsitiv(‘, and if 
any electro-positively charged pai'ticles arc added, e.g. watcu- whi(di 
has fallen a considerable distance thi'ougli the aij’ iu tlu^ form of 
rain, or various solutions of electi’olytes, the ])arti(d('s of silica will 
coalesce and form a gelatinous f)ro(!ipitat(^ ; this is the gd foi'ui of 
silica. If the gel is allowed to dry, or if it is lu^afial, a horny form 
of silica is ]iroduced resembling flint, but if tlu^ t{miipei’atur(‘ is sl.ill 
further increased, a white material is fornu'd whicdi is tlu^ ordiiuiry 
“ calcined silica ” of tlui laboratory. Silicta in tlu^ form of a. 
colloidal gel is an important (ionstituent of many ro(tks ; in sonu' il, 
]U‘oduces veins or intrusions ; in otluu's it is of consicba-abhi import- 
ance as a binding agent, and many consolidat'd sands ar(' bomb'd 
by this substance. 

Non-crystalline silica is mor(> I'cadily a(T('(fl,('d by w('a,th('r timn 
the crystalline varieties and is, (!ons('(|uently, more; ('asily r(unov('d 
in solution, so that large masses of tlu? amorphous va.ri(d,ic\s of sihb^a 
are of infrequent occiuTence, though tlu\y do occui'. 

Crystalline Silica occurs in sands cbit'fly as guurlz, but also a,H 
Iridijfnite and cristobalitc, though the two lalt'r o<;cui' only rarc'ly. 

Quartz is a crystalline varudy of sili(;a (xaairring in ' lu'.xagonal 
or rbomboidal forms, the developimmt of whi(!b (b'pc'iids on tlu' 
situation in which they have been foi-incxl and the nuxb^ of forma- 
tion. In’ sands, ]Kn'fect crystals seldom occui', as in most cases the 
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crystals have been impeded in their formation by the juxtaposition 
of other crystals, so that quartz is generally found as irregular frag- 
ments having an internal crystalline structure, which may readily 
be seen by examining them in polarised light. There is also an 
absence of surfaces showing cleavage. When seen by reflected 
light, the grains are usually pitted and covered with small grooves. 
The fragments of quartz are seldom quite pure and are generally 
made cloudy or even opaque by numerous enclosures (p. 171). 

Quartz has a vitreous lustre, a conchoidal fracture, and a hard- 
ness of 7 according to Mohs’ scale. Its specific gravity is about 
2-65, its index of refraction 1-553, and its birefringence only 0-009. 

Other forms of quartz may also sometimes occur in sands. 
The chief of these are amethyst, rose quartz, milky quartz, smoky 
quartz, and aventurine. 

Quartz forms the main constituent of most sands, es23ecially 
those derived from granite, gneiss, mica-schist, or sandstone, which 
consist almost entirely of quartz associated with a small amount of 
mica, felspar, magnetite, rutile, zircon, garnet, and tourmaline. 

Tridymite was first discovered by G. von Rath in trachyte and 
other volcanic rocks, in which it occurs in hexagonal plates forming 
trins. Schuster and von Lasaulx have shown that tridymite 
crystals are pseudo -hexagons, being formed by three separate 
orthorhombic jeortions giving rise to the appearance of trins. 
Tridymite occurs almost wholly in sands derived from the dis- 
integration of volcanic rocks such as trachytes and andesites. A 
fibrous form of tridymite containing 7 per cent of water is known as 
Lussatite, It has a specific gravity of 2-28 and a refractive index 
of 1-477. 

(histobalite was also discovered by G. von Rath in the same 
rocks in which tridymite was found, and has also been observed, 
according to A. F. Rogers, in minute S 2 )herical aggregates in spheru- 
litic obsidian. It is a rare mineral, and is always associated with 
tridymite, licing seldom found in sands. It belongs to the quad- 
ratic system, though trins are common and cause the crystals to 
appear ])seudo-cidhc. It has a specific gravity of 2-32 and a 
refractive index of 1 -484. 

The identification of the various crystalline forms of silica is 
difficult and requires the use of a s]:)ec-ial form of microscn]v^ and 
c-onsiderable manqmlative skill, (’ristobalitc and tridymite^ are 
distinguished from each other and from quartz by means of their 
crystalline, structure, refractive indices, and specific gravities, though 
the la,ttcr is only applicable to a limited extent. Quartz is found 
in irregular grains, whilst tridymite forms needle-shaped i)risms. 
The test may not a^^ply in sands which have been much trans^^orted, 
as the grains may be altered in shaj^e by attrition. When examined 
by ])olarisecl light, quartz may be discriminated from tridymite 
and cristobalite on account of its higher birefringence. Tridymite 
and cristobalite cannot, however, be separated in this way, as the 
difference between them is too slight. 

VOL. I N 
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It is also possible to distinguish quartz from tridymito and 
cristobalite by immersing the powder in a liquid of specific gravity 
2-40 (a mixture of bronioform and benzine being suitable), when 
the quartz will sink to the bottom whilst the other minerals remain 
suspended in the liquid. 

The most satisfactory manner of discriminating between the 
three forms of crystalline silica is by their refractive^ indices. In 
the method, suggested by A. B. Dick and largely used by the author, 
a little of the material to be examined is immersed in an oil having 
a refractive index about the same as the sample, and the glass slij) 
containing it is placed on the stage of a microscope and is illuminated 
by the use of a dark-ground illuminator, a yellow monocihromatie. 
light being used. Fringes will then be seen round the fragments of 
the sample, and if the liquid and the sanqcle have the same refrae.- 
tive index, the fringes will have a deep ultramarines tint, whilst if 
the liquid has a higher refractive index the fi-inges will bc^ ])al(n' 
and brighter or even white. If, however, the licpud lias a lowesr 
refractive index than the sample, red or orange fringes are pT-odiHical, 
these also becoming paler and brighter'. Mercury- potassium ioclidi^ 
solution is very satisfactory for use in this test. For a yellow 
sodium light this solution should have a refractive iiuhnx. of 1 -477, 
which is the refractive index of tridymito, so that cristobalitci, 
which has a refractive index of 1-484, can nuulily bc^ distinguislu'd 
in this liquid, the test being so delic.ate that, if tlu^ solution, is 
properly prejoared, error is practically impossibki. 

Cellular Silica occurs in sands in the form of /r/c,s'c/(/a/cr, l/ri/ioH, 
and randanite. (see ])p. fi() and Ififi) and also as Kponuc. npiotlvs. In 
most cases such cellular silica occurs as larg('. Ix'ds, this form being 
the predominating constituent. It seldom o(x;ui's as a minor 
constituent of sand beds, though at (Ihipsluxid traci's of silicc-ous 
sponges do oecnii'. 

Although silica is the priiuujial constitm'nt of most sands, aJI 
other minerals cannot bc^ regarded as impuritic's, as, in soiiu' ea,s(',s, 
they have a very beiudicial aetion on tlu'. saaid and may ('vam he tin- 
principal constituent, silica Ixung tlum r(\ga.rd('d as aai impurity. 

The constituents of sands, apart from fiau' silica., ma.y Ix^ 
classified as follows : 


(a) 

vSilicates. 

(/) 

( ihromium compounds. 

ih) 

Alu mino-silicatc.s. 

{m) 

Tin compounds. 


Iron compounds. 

(a) 

Zirconium compounds. 

(d) 

(Jakunm compounds. 

(0) 

Manganese! compounds 

(^0 

Bai'iuin comjKninds. 

iv) 

Bhosphorus compoumb 

(./') 

Aluminium c.ompounds. 

(7) 

M(!talli(! (ilcmcnts. 

(f/) 

Strontium com|X)unds. 

(r) 

Non-metallic elcimud.s. 

(A) 

Tantalum compounds. 

(■S') 

Lock fragments. 

{i) 

Titanium compounds. 

(0 

Slu^lls. 

(.?■) 

(/c) 

Thorium eonqxmnds, 
Tungsten com j )ou nds . 

(u.) 

(birhonaccous matt(!r. 
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The commonest silicates occurring in sands belong to the groups 
named pyi-oxenes and amphiboles. The principal pyroxenes are 
as follows : 

Enstatite is a magnesium silicate occurring in stout prismatic 
crystals belonging to the orthorhombic system, either colourless 
or of a grey, green, brown, or yellow colour, and having a hardness 
of 5-5 and a speciiic gravity of 3-1-3-3. It is derived from inter- 
mediate and basic igneous rocks such as andesites, dolerites, and 
poridotitos. Owing to its being soft and readily decomposable it 
is only found in more recent deposits, such as shore sands. 

Hypersthene is a silicate of iron and magnesium occurring in 
prismatic (orthorhombic) crystals of a brownish - green, greyish, 
greenish-black, brown, and sometimes nearly black colour. It has 
a hardness of 5-6 and a speciiic gravity of 3-5. It is derived from 
basic igneous rocks such as dioritcs, and occurs also in pyroxene 
granulitcs, etc. Hypersthene is a very common constituent of 
sands, especially those derived directly from igneous rocks. 

Augite is a silicate of calcium, magnesium, iron, and aluminium 
occurring in monoclinic crystals of a black or greenish-black colour’, 
with a hai'duess of 5-() and a spccilie gravity between 3-2 and 3-5. 
It is derived from basic, igneous rocks, including andesites, basalts, 
(lioi’ites, gabbro, etc. Augite is also a common constituent of 
sands, especially those derived dii’cctly by the denudation of 
igruams rocks. Other pyroxenes which may oc’cur in sands include 
bronzile, diopsida, diallagc, aegerine, and wollaslonite. 

Th(i following are the jrrincipal aniphiholes liJcely to occur 
in sands : 

Hornblende consists of a sili(-ate of calcium, magnesium, and 
iron, though silicab'S of aluminium, sodium, and ])otassium may 
Ire ])r(^s(>nt. Tt forms black or greruiish monoelinic crystals having 
a liardnciss of fr-b and a speciiic gravity of 3-0-347. It is derived 
e-hicdly fi’oin acid and inbu’uu’diate. rocks such as gi’anik's, syruiites, 
dioi’ites, etc., and (xanirs hu’grdy in gneisst’s and schists, soimdimes 
forming tlur bidk of tlie rock. 1 Iornhl(‘ude is common in I’oc-ks 
])rodue(‘d by the disinb'gration of igmarus rocks. If ])resent in 
suflicirmt (jiuintities, it may giver the sand a dark croloui’ which is 
acererntuated wlu'ii it is lurated. 

Hornblende acts as a flu.x; in tlu' same way as othei' sodium and 
potassium com|)oun(ls, and I’cducers the refi’acrtoi'ine'ss of the sand 
in which it ocemrs. 

Glaucophane is a silicate of sodium, aluminium, iron, and 
magiursiuin, of a bluish (rolour, having a hardness of (r-O-b and a 
speciiic gravity of 3-0-3-1. It is derived chicffy from schists, wluu'e 
it occurs as a' product of inetamoi’phism. Glaucojrhane occurs in 
some shore sands, as at lie de Groix, Brittany, and in other 
localities. 
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Other amphiboles, which are less frequently found, include 
antJiophyllite, tremolile, and actinolite. 

Amphiboles do not occur to any great extent in the older sands, 
where they are usually altered to chlorite and other secondary 
products. They are, however, abundant in the Drift of Suffolk 
and in the Bunter beds of the Midlands. They also occur to some 
extent in the Bagshot beds, the Beading beds, the Thanct sand, 
the Wealden beds, and the Bunter beds of Ireland. 

Amongst the other silicates which may occur in sands are the 
following : 

Olivine forms a group of minerals consisting of a silicate of 
magnesium and iron of variable composition forming green, 
brownish, or blackish prismatic crystals (orthorhombic), having 
a hardness of 6-7 and a specific gravity of 3-0-4-2. It is principally 
derived from basic igneous rocks in which it is sometimes tlu' 
]3redominating constituent. It is, however, readily deeom])os(Hl, 
and so does not occur widely in sand deposits, because, in those 
which have been subjected to much transportation or weathc'iing, 
the more easily decomposable minerals have been removed. 
Olivine sometimes occurs in recent sands, such as those composing 
the dunes of Holland, where they have been noted by Betgers. 
It is also found in desert sands, such as the Sahara, whore it has 
not been exposed to the same decomposing agencies as marine', 
sands and others formed by aqueous action. On the coast of 
Oahu in the Hawaiian Islands, a sand occurs consisting almost 
entirely of olivine and magnetite. It has been produced by tlu^ 
destruction of a basaltic lava, resulting in rounded angular grains 
of the above-mentioned minerals, the smaller grains being morc^ 
angular than the larger ones. 

Serpentine is a hydrated magnesuim silieuxte which occurs as 
green, yellow, retl, brown, or almost black monocliiiic ci'ystaJs, 
frequently spotted and veiiual with various colours. It. is xauy 
soft, having a hardness of only 3-4 and a spca'ific gi'avity of 2-r)-2-(). 
It is derived from the weathering of olivinca pyroxciK', and a.inpbil)olc 
rocks. It is easily d(ieom|)osed and doc^s not occair to a.ny gi'(‘a.t 
extent in sands. It sometimes occurs as a result of tlu' decomposi- 
tion of olivine. 

Glauconite is an amoridious, granular, or (uirthy mal.('rial con- 
sisting of a hydrated alumino-silicate of inagnesiuin, a, ml calcium. 
It varies in colour from yellowish-grecm to gn^yish-brown or 
blackish-green. It is very soft and has a hardness of oidy about 2 
and a speeiiic gruvity of 2 -2-2 '4. 

Glauconite is of very variables composition. It contains 
45-48 ])er cent of silica, 3-10 per cent of alumina, 0-22 |)('i' cc'nt of 
ferric oxide, 3-22 per (HUit of ferrous oxides, 0-6 p(M' cent of magiu'sia, 
0-2-5 per cent of lime, 4-5-0 per cent of pota,sh, a,nd 5-5- 14-7 per 
cent of water. 

Glauconite grains are very frecpiently found in intmaial casts 
of foraminiferae or other marine organisms, the. iniiu'ral having 
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segregated in the interior of these shells and so taken then si 
It is also found coating these organisms. 

Glauconite is almost entirely confined to marine deposits, i 
which it appears to be formed, according to Murray and Philippi, 
by the action of marine bacteria. It is very common in shallow 
water sediments, though it also occurs abundantly in moderately 
deep water. It is in all probability derived from the decomposition 
of potash felspars and potash micas. Though it occurs to a limited 
extent in many formations from the Cambrian beds upwards, it 
is most abundant in the Greensand beds and in the green muds 
of Agulhas Bank, South Africa. It is most abundant in the Upper 
and Lower Greensands of England, and in the north-east of Ireland 
it occurs in sandy beds as recent as the Lower and Middle Chalk. 
It is generally associated with phosphatic nodules. It also occurs 
to some extent in the Bagshot sands, Blackheath beds, Reading 
beds, Thanet sand, Wealden beds, and the Inferior Oolite. 

Glauconite acts as a fl.ux on account of the potassium it contains 
and reduces the refractoriness of the sand. For this reason, sands 
containing glauconite cannot be used for refractory purposes, but 
the potash they contaia may be sufficient to render them valuable 
as fertilisers. The iron content of glauconite causes it to prevent 
the sands in which it occurs from being used for such purposes 
as glass -making. 

Various anhydrous aluminium silicates are found in sands, the 
following being the chief : 

Andalusite (AlgOg . SiOg) occurs as grey or reddish orthorhombic 
crystals, having a hardness of about 7-5 and a specific gravity of 
3 -1-3 -3. It is chiefly derived from metainorphic clay rocks, but 
may bo also derived from some granites. 

Andalusite is not a very stable mineral and is readily decomposed, 
so that it does not occur to any great extent in the older sands. 
In Tertiary and Recent beds it is of more frequent occurrence. 
Perfect crystals of andalusite have been found, according to Davies, 
in the Bagshot sands of Brentwood, the Woolwich and Reading 
beds of Plumstcad and Northwood, the Thanet sand at Crayford, 
the Folkestone beds of Dunton Green, Limpsfield, and Reigatc*, 
and the Wfiadden ironsands of Shotover Hill. It also oceui's in 
tht^ shore sands of Brittany. 

When heated, andalusite is converted first into k\-anite and then 
into sillimanite, the last reaction occurring, according to \k‘rnadsky, 
at 1380° C. 

Kyanite has the same chemical composition as andalusite, but 
forms triclinic crystals of a bluish-grey, green, and sometimes 
blackish colour, with a hardness from 4-7 and a specific gravity 
from 3-6-3-7. It is derived principally from gneiss, schists, and 
other metamorphic rocks. 

Kyanite is a very stable mineral and is not readily decomposed, 
so that it is a very common constituent of sands of Cretaceous 
and more recent ages. 
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Sillimanite is also an aluminium silicate occurring as brown, 
grey, or green orthorhombic crystals, with a hardness of 6-7 and 
a specific, gravity of 3-23. It is derived from felspathic gneisses, 
schists, etc. 

Sillimanite is of somewhat rare occurrence and is not found 
to any great extent in British sands. 

Topaz is a somewhat rare aluminium silicate containing fluorine, 
which occurs as white, yellow, grey, blue, or pink grains belonging 
to the orthorhombic system. It has a hardness of 8 and a spooiflc 
gravity of 3-56. It is derived from many igneous rocks, including 
granites, rhyolites, etc., and is found chiefly in gem sands, especially 
in Brazil. 

Staurolite is a silicate of iron and aluminium, occurring as 
reddish, brownish, or blackish orthorhombic crystals, having a 
hardness of 7-7-5 and a specific gravity of 3-7. It is derived from 
schists and gneisses, in which it occurs as a product of metamorphism. 
It is a very stable mineral and is a common constituent of sands 
of all ages, but is especially common in the Blackheath beds, the 
Thanet sand, the Lower Greensand, the Upper ■ Estuarine sands, 
the Inferior Oolite, the Keuper Waterstones, and the Bunter beds. 

Alumino-Silioates 

There are many varieties of alumino -silicates which may occur 
as constituents of sands, the principal being the clays and allied 
minerals, including felspars and micas. 

Clays arc hydrous alumino-silicates which occur to a varying 
extent in association with sands. The number of dilTeront (days 
which may occur is very largo and a detailed classification of iduMU 
is practically impossible. It is generally agivod that the chief 
constituent is a liydrogcm ahimino-silicab'. (u)i'r(is))on(ling to 
H^AlgSigOg, and composed of about 46 jK-r (umt of silica, 35) pcir 
cent of alumina, and 14 per cumt water, for which tlu' nanui “ clay 
substance ” as originally pro])ose(l by iSeg('r is c,onv(mient. Ibaunit 
researches have indicated that a number of diffis'ent alumino- 
silicates may form different kinds of elay, but for ilu- purpose's 
of the present volume th(^y uchhI not Ik^ di(Tei'('ntia-ted. (!Iay 
substance never occurs in a ])(u-fee.bly pur(' states in association 
with sand, but contains various impurituis, such as afkaJic's in 
form of mica, felspar, etc., and iron compounds, the pro|)oi'tion 
of which varies considerably. Homo (days may be almost pure 
white, whilst others may be a deep nal on account of tlu^ propoi-tion 
of ii'on compounds present. Garbomujoous matter may also ocH-ur 
and give the clay a dark colour. 

The nature and properties of clays are subj(a',ts far too extemsive 
to be d(',alt with in detail in the presemt volumes, and i'(^a,ders rcMiuiidiig 
further information should reder to th<! autho)’’s book on 
Clays, Bliaks, and Bands (Griffin). 

The propoition of (day in a sand dejxmds on the moch^ of 
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formation. Where a rock has been disintegrated .into clay and 
sand, as in the case of china clay rock, and has not been transported, 
almost the whole of the clay remains in the sand. Where sands 
have been removed from place to place by wind, water, etc., the 
clay is generally separated from the sand (at least to a large extent) 
on account of its finer grains and greater suspensibility in water. 
River sands are usually fairly free from clay ; estuarine, lacustrine, 
and marine sands may contain large proportions of clay. 

The effect of clay upon sand is noticeable in various ways : 

1. On account of its binding power, sands containing clay are 
more or less coherent. The extent to which they are bound 
together depends on the proportion of clay present. This pro- 
perty is valuable for foundry-work, etc., where sands require to 
be coherent to form a mould, but for building purposes, glass- 
making, etc., where a loose incoherent sand is required, clay is not 
desirable. 

2. Clays introduce alumina into the sand ; this may or may 
not be desirable. Thus, for making some kinds of glass, alumina 
is valuable, as it increases the strength of the glass. In other 
glasses, particularly optical glass, it is undesirable (see Vol. II., 
Chapter XII.). In making carborundum, alumina is undesirable 
(see Vol. II., Chajder X.). Thus, the desirability or otherwise of 
clay dey)eii(ls on the purpose foi- which the sand is to be used. 

3. C!lay tends to introduce inqmrities such as alkalies, iron 
compounds, etc;., into the sand. This may not be important for 
some pur])oses, but in others, such as for glass-making, chemical 
manufacture, etc., it is very detrimental and clayey sands must bo 
avoid(Hl. 

4. On ac.count of the smallness of the grains of clay, these tend 
to HU iq) tlu' interstices between the larger grains of sand, so 
])rodu(!ing a less poi'ous mass. This is not harmful in many cases, 
but where a ])orous or pcuuneable sand is required, or where an 
(!xc(\ss of line particiles is uudc^sirable, as in concrete sands, glass 
sands, Hltration siinds, et(c, thc! presence of clay is (lelet(M-ious. 

Th(^ (U’fect of clay in sands used for spc'cial i)ur])oses is dealt 
with in gr(^at('r detail in V'ol. II. 

S('V(M'al iniiK'.rals similar to ela.y may occur in sands, though 
usually they are presemt only in minute^ (piantitic's. Among these : 

IJalloi/Nlle- (AkO.) . 2Si02 . 3H..()) consists of soft bluish-white, 
grcHUi, or gr(\y crystals of amorjfiious matei'ial having a sjx'.cilic 
gravity of 1 d)-2- 1 . 

(hklyritc. (Al^Oy . HiOg ■ UHaO) consists of a dii'ty vvhitn i)owdery 
matcu'ial. 

Alloplmnc. (ALOji . SiOg . bluish-green 

mineral and is harcler than collyribn 

NacrUe consists of whiter flaky rhombic eiystals. 

Lilhomarge consists of minute white or cream-coloured rhombic 
])lates of variable composition. 

Pyrophyllile (AlaOy . 4Si02 • wHgO) consists of rhombic crystals. 
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Montmorillonite (AI2O3 . 4Si02 . HgO) is soft and of a pinkish 
jolour. 

Kaolin or China Clay is a hydrated aluminium silicate or 
alumino-silicate (AlgOg . 2Si02 • 2H2O) which may occur as white, 
grey, or yellowish monoclinic crystals of kaolinite, having a hardness 
of 2 -0-2 -5 and a specific gravity of 2-6, or as an apparently ’ amor- 
phous material, having the same chemical comj)osition, but devoid 
of crystalline structure. It is produced by the wcathcning of 
granite (p. 16), and occurs in sands in varying proportions according 
to the amount of transportation to which they have boon subjected. 

Felspar is a term applied to a group of alumino -silicates con- 
taining one or more basic oxides, the various members being usually 
designated by the principal base present, such as potash felspar. 
The principal felspars are : 

Orthoclase, which is a potash felspar occurring as white, grey, 
or pinkish monoclinic crystals, having a hardness of 6 and a si)ecilic! 
gravity of 2-57. It is derived chiefly from acid igneous rocks, 
such as granites, syenites, etc. 

Microdine is a potash felspar occurring as gre^yish, greenish, 
or pinkish triclinic crystals, with a hardness of 6-6 -5 and a Hf)eci(ic 
gravity of 2-55. Like orthoclase, it is derived from acid igneous 
rocks, particularly granites. 

Albite-anorthiie felspars form a series grading from a ))uro 
sodium felspar (albitc) to a pure calcium fdspar (anortliite) with 
various intermediate mixtures, designated iincler the gcuu'.ral tc'.i’in 
plagioclase felspar. They are usually white, gre^y, or gnasiish 
triclinic crystals, with sometimes a pinkish tinge, having a hardness 
from 5-6 -5 and a spccilic gravity of 2 •6-2 -75. They ar(' (hu'ivcal 
from all types of igneous rocks, the calcium lhls])ai's luung (u)minoner 
in basic rocks, whilst the sodium felspars are usually found in ae.id 
rocks. 

Felspar is a common constituent of sa^nds, l)ut is frecpuuitly 
corroded or clouded, as it is attacked to sonu^ (nvicuit by ciirbonated 
water, which results in the loss of some of tlu^ alkali and the foiuuing 
of other alumino-silicates and free (juartz. Fr(\sh felspar is lm)r(^ 
common in deposits of terrestrial origin, such as wind-l)lovvn sands, 
in winch the grains of felspar arci often (pnte transpa-rent. 

The gradual disaj)pcarance of felspa,r in sands is well shown l)y 
the following figures, due to Dr. Macikic^, of ilu; percmd.agcs of 
felspar in the sands of the riveu- Fiiidhorn (Scothuul) from its 
source to the sea : 

At Dulsio ..... ‘12 pi^r ('(mU. 

At LoffUi liridgns . . . .‘il ,, 

laa.wcHiii Kori'os and tla^ .sou . . .21 ,, 

A high pei'centage of fdspar indicates that tlui sand ha,s iindcr- 

^ iSii' W. H. Bragg has found, from an nxaminal ion of its X -ray siM'cd.nnn, 
that oliiiiH clay is (uystallino tliougli tlio erystals arc too sinaJl to bo obsorvod 
under tin; inicroscojai. 
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gone little transportation by rivers and has been subject to very 
little action by water. 

Table XXV., due to Mackie, shows the percentage of felspar in 
sands derived from diherent sources. 

Table XXV. — Pelspab in Sands 


Source of Saul. 

Ercsli Felspar. 

Altered Felspar. 

Boulder clay . . • . 

Boulder clay 

East Egyptian desert 

Nile delta 

River Spey 

Lower Old Red Sandstone (Caledonian) . 
Upper Old Red Sandstone (Caledonian) . 

Per cent. 

86 

83 

72 

high 

19 

20-30 

30-40 

Per cent. 

14 

17 

28 

low 

81 

70-80 

60-70 


The felspars are among the most fusible compounds of silica ; 
this is due to their containing a large proportion of calcium, sodium, 
or potassium in combination with the alumina and silica. In the 
results of a chemical analysis, the sodium and potassium compounds 
are often exjjressed as alkalies, a term which is undesirable as 
it gives no indication of the respective proportions in which the 
sodium and potassium may occur. 

On account of their fusibility, the action of felspars in sands 
is to reduce the refractoriness of the sand as a whole. Potash 
felspar fuses at a temperature of 1200° C., and the molten material 
flows rapidly through the interstices of the sand, so that as soon 
as a sufficient quantity of fused matter is produced the sand loses 
its resistance to heat. The action of potash, however, is in this 
respect slow compared with that of lime in similar compounds. 

The effecd of orthoclase felspar on quartz when mixture.s of 
both are heated is shown in Tabic XXVT., due to R. Rieke. 

Table XXVI. — Fu.sibilxty of Orthoclase-quartz Mixture.s 


Orthocla.se. 

Quartz. 

FiiMing Point. 



('. 

100 


1220 

40 

60 

1265 

33 

67 

1 2S5 

2.7 

7.6 

1202 

14 

86 

1317 


For refractory purposes, a sand containing grains of felspar 
is less objectionable than one containing flakes of mica, as the former 
are less rapid in their action, there being less surface to the grains 
in proportion to their bulk. 
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a term which includes a number of minerals consisting 
of silicates of aluminium, potassium, and hydrogen, 
* ./ith iron, magnesium, sodium, and lithium. Micas 
lise in the monoclinic system and may be divided into two 
Da : the muscovite micas and the biotite micas. 

xduscoviU consists of white, yellow, green, brown, or blackish 
akes having a hardness of 2-2-5 and a specific gravity of 2-85. 
It is derived principally from acid igneous rocks, especially granites. 
Muscovite may be observed in sands as white glistening flakes 
or frost-like particles, very small proportions of mica being readily 
recognisable in this way. This variety of mica is usually abundant 
in sands formed by aqueous action, though very curiously it is 
absent in desert sands, probably because the thin light flakes are 
easily carried away by wind and, consequently, are removed from 
the main deposit. In water, however, this separation does not 
take place to the same extent, so that the mica in water is not 
removed from the other minerals, but tends to accumulate in layers, 
as, in comparatively still water, the particles of quartz and mica 
are deposited at different rates owing to the fact that the inic.a 
grains, being thin and flat, are more buoyant than the iiiore granular 
quartz grains. 

LepidoUte resembles muscovite, but contains lithium and 
fluorine ; it forms white, grey, lilac, or rose-red crystals, with a 
hardness of 2-5-4 and a specific gravity of 2-8-2-!). It is d(^rived 
largely from metamorphic rocks, such as pegtnatites. 

Sericite is very similar to muscovite and is soinctinu^s r(^gai'd('d 
as an aggregated form of muscovite, though it is also tliought 
to be alteration-product of felspar. It is especially (iommon in 
Carboniferous and older rocks. 

Biotite occurs as black or dark-grcHui (irystals of viiriabk'. 
composition, with a hardness of 2-5-3 and a spouiilic gravity of 
2-7-3-1. It is derived from all kinds of igneous i-o(hs ajul iluai- 
volcanic equivalents, and also occurs abundantly in md, amorphic, 
rocks. 

.Biotite mica occui-s only rarely in sands, as it dcuiomposc's on 
weathering, forming chlorite and limonib', but it is found in souk- 
sands which have not been .seriously alTectcd by W(siihcring. It 
occurs to some extent in the Reading Ixuls, Thauet sand, Uppcn- 
Greensand (it is absent from the Lower Greamsand), tlu^ Bundu- 
beds of the Midlands, the Lower Permian of Yorkshii-(', tlu^ ( !oal 
Measures of Northumberland, and the Millstone Crit of Yorkshire. 

Phlogo'pite is .similar to biotite, but is colourlcNss, whiter, brown, 
or red in colour. 

Mica in any of its forms reduces the n-fraciorim^ss of sands 
in which it occurs, but its action is not usually ap])re(tiabk^ much 
below a temperature of about 1200° C., and it is, like-. Jvlspai', a 
com[)aratively slow flux. The effect of mica on the r(d'ractorin(\ss 
of silica is shown in Table XXVTI., due to R. Riekeu 
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Tablui XXVII.^ — Ftisibibity os’ Mioa-qxjabtz Mixtubes’- 


(iuartz. 

Mica. 

Idising Point. 

l*(‘.r r.ciiit. 

Per cent. 

“ C. 

100 


1790 

90 

io 

1710 

80 

20 

1G30 

70 

30 

-1-1530 

GO 

40 

- 1530 

60 

60 

- 1530 

40 

GO 

- 1530 

30 

70 

1530-1580 

20 

80 

1610 

10 

90 

1410 


100 

1380 


The iron content of mica is sometimes objectionable where a 
pure sand is required, as in glass-making, as the iron compounds 
on heating discolour the fused mass. Biotite mica is particularly 
objectionable in this respect, as, being dark, its effect is more 
pronounced. 

Other alumino-silicates which may occur in sands include the 
following : 

Tourmaline is a borosilicate of aluminium, whicQi occurs generally 
as black or bluc-blac;k hexagonal crystals, with a hardness of 
7-7-5 and a spccilic gravity of 2-9H-3-2. It is derived partly from 
acid igneous rocks and also from metamorphic j'oeks such as schists, 
c.rystalline limestones, etc;. Tourmaline is a very stable mineral 
and is a frc(iuent constituent of sands t)f all ages. 

Beryl is a silicate, of btirylliuni and aluminium, occurring as 
])alc green, blue, yellow, oi‘ white hexagonal crystals, with a hardn(\ss 
of 7-5-8 and a sp(a;i(le gravity of 2-7. It is derived from acid 
igiuvnis I'ocks, metamoi'])hi<.^ schists, and (-rystallinc^ limestom^s. 
Beryl is found chiefly in })lae.(M- de])osits along with other gem 
stoiu's and a large. ))ropoi'tion of lu^avy minei-als. 

Chlorite is a du'in used to de^signat(i a nuinboi- of hydrous alumino- 
siliead's containing iron and magnesium, which form soft grea-nish 
hexagonal llaluw with a hardm^ss of about 1 -5 a,nd a sjau-ifK-. gravity 
of 2-()-2-H. It is a metamoi'phii* product deriveal from th,(^ altc-ration 
of biotitc', hoi'iiblende, ek;., and o(!c.urs largc-ly in sdiists. (Udorite 
is a naidily d(M‘omposal)l(' mineral and so dot-s not occur to anygrc'at 
(^xtmit in sands, excH-ipt as the result of the (h'(‘.om])osition of other 
miiuu'als. It has becui found to some exk'nt in the Inferior Oolite 
beds and in the Millstone (frit of Wales. 

Epidote is a term used to (h'signate a mnnbiu- of alumino- 
silicates containing iron, calcium, and hydrogc'U and sometimes 
manganese, cerium, etc. They are usually greenish or brownish 

1 Tlui plus sign inrlifaitcH lliat Bio fusing point is sliglitly aliovo, and tlio 
minus sign that it is sliglitly liolow, tho liguro stated. 




188 


ALUMINO-SILIOATBS IN SANDS 


in colour and form monoclinic crystals, having a hardness of 
6-7 and a specific gravity of 3 -25-3 -5. It is derived chiefly 
from gneiss and schists which have been formed from igneous 
rocks rich in lime. Some varieties may also be derived from 
granites. 

Epidote is not found to any great extent in sands older than 
Tertiary age. It is abundant in the Drift of Suffolk and occurs 
to some extent in the Bagshot sands, Blackheath beds, Reading 
beds, Thanet sand, the Upper Greensand, and also in the Lower 
Permian beds of Yorkshire. It has also been found in the dune 
sands of Holland by Retgers. In some sands it occurs as the result 
of the decomposition of other minerals. 

Zoisite is a variety of epidote derived from metamor])hie rocks. 

Cordierite is an alumino -silicate containing iron, magnc^sium, 
and water, which occurs as bluish, orthorhombic crystals having 
a hardness of 7-7-5 and a specific gravity of 2-6-2-7. It is derived 
chiefly from metamorphic gneisses, schists, etc., but it may also 
be derived from some igneous rocks, including basalts and granites. 
Owing to its readily decomposable nature it is not found to any 
great extent in the older sands, but occurs more fi-ecpiently in 
Tertiary and Recent sands. 

Garnet is a term used to designate a number of alumino-silicates, 
containing lime, magnesia, iron, manganese, and chromium, whicib 
occur in rhombohedral or trapezohedral crystals of various colours, 
including yellow, green, brown, red, and black. Tlu^y hav(^ a 
hardness of 6-5-7 -5 and a specific gravity of 3-5-4-2. The varieties 
of garnet are described on p. 111. Garnets are derived from 
various igneous rocks, including granite and syenites ; tlu\y also 
occur in metamorphic schists, gneisses and crystalline lim('storu^s, 
and dolomites. 

Garnet is a very staldo mineral and is not easily (hnom posed, 
so that it is a coiTunon constitiumt of saaids of all ag('s. It is 
particularly common in sands l)etween th(^ .hirassic a.n(l Plioecuu- 
periods. 

Iron (loMroiiNi)S 

No natural sands ai-c entirely fn-.e from iron compounds, and 
even the most stringent atteupits at ])urifieation do not suecaa'd 
in completely removing all the iron [)r(\sent. The eliicd compounds 
of iron occurring in sands arc tlu^ oxides, carbonatcas, a-nd sulphidc^s, 
and various complex minerals (iontaining iron as an (assentiai 
constituent, such as glauconite, ilmenite, etc. Tluise, compounds 
are derived from decomposed ferruginous roe.ks, (uilun- by dircud. 
admixture or by the compounds being dissolved by organic, ae.ids, 
the solution penetrating into the sand and being (ha-.omposcal 
later. 

Jn the analysis of a sand it is customary to i-(‘port tlu^ iron 
comi)ounds as though they were all ]mesent as tlu'. taal oxide 
(FegOg), no distinction being made as to the forms in which tlu^ ii'on 
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is actually present ; yet in many sands the proportion of fc 
oxide is quite small, the iron being present in other forms. 

Iron compounds may occur in sand in three forms : 

(a) As a thin film coating the grains of other minerals ; 

(b) In minute particles disseminated fairly uniformly through 

the sand ; 

(c) As larger particles scattered irregularly amongst the grains 

of other minerals. 

Magnetite (FeaO^) is a black oxide of iron which occurs in cubic 
crystals, with a hardness of 5 -5-6 -5 and a specific gravity of 4-9-5 -2. 
It is highly magnetic and can usually be removed quite easily by 
means of a magnet. Magnetite is one of the commonest heavy 
minerals in sands and is found in practically all detrital sediments. 
In some cases, it is partially oxidised to limonite. 

In some sands the magnetite has been concentrated by water 
action, forming large deposits containing but little of other 
minerals, as, for example, the black sands of the St. Lawrence 
river, Canada (p. 122). 

Haematite (FegOg) is a red oxide of iron occurring as steel-grey, 
iron-black, or reddish hexagonal crystals, or as amorphous grains 
.having a hardness of 5 -5-6 -5 and a specific gravity of 4 -5-5 -3. It 
is abundant in the Lower Permian beds of Yorkshire and in some 
Northampton sands. 

Limonite is a hydi'ated iron oxide, consisting of yellow or 
brownish amorphous grains, having a hardness of 5-5-5 and a 
specific gravity of 3 -6-4-0. It is formed by the weathering of iron- 
bearing minerals and also by deposition from solutions of iron in 
water. Bog iron-ore and lake iron-ore are limonite beds. Brown 
iron-ores are worked in Northamptonshire, the north of Spain, 
Liixembourg, and Western Germany. 

So far as sands are concerned, limonite is chiefly of interest as 
being the form in which iron is usually present. It is soluble in 
hydrochloric acid and is volatilised by heating with salt to a bright 
red heat, but these methods are too costly to enable them to be 
ai^plied to the elimination of limonite from most sands. Limonite 
is common in the Thanet sand, the U]:)pcr Greensand, and tht- 
Kellaways beds. Limonite may also occur as ochre, this material 
sometimes forming the bulk of the material, as in the Lower Green- 
sand of Shotover Hill, Oxford, and also as umber, which is a brownish 
ferruginous earth containing silica, iron oxide, and manganese 
oxide, the latter sometimes being the ]>reclominating constituent. 

Other iron compounds which occur only rarely in sand deposits 
include 2>yfites, marcasite, 'pyrrhotine, cJialybite, and vicianite. 

Many other substances containing iron in varying proportions 
occur in sands, including hornblende, hypersthene, aiigite, cjlauco- 
phane, olivine, glauconite, etc. ; they have the same effect as richer 
iron compounds, if they are present in sufficient quantities. 
Usually, however, only very small proportions are present. 
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The chief effect of iron compounds in sands is to reduce their 
refractoriness and to cause them to be brownish in colour. The 
intensity of the colour produced by iron is not a reliable indication 
of the amount present, as much depends on the fineness of the sand 
and on the nature of the iron compounds contained therein, whilst 
the presence of other substances may partially or wholly mask the 
colour of the iron compounds. When the iron is disseminated 
uniformly through the sand either in small grains or as a film over 
the other particles, the colour is much more pronounced than when 
larger grains are scattered irregularly through the mass. These 
latter can be separated much more readily than the smaller 
grains. 

Where iron compounds are present in the ferrcuis state, the 
colour of the sand may not be greatly altered, as the ferrf)UH com- 
pounds are greenish rather than brown, and are not so cons])icuous, 
but on heating the sand to redness in a current of air the ferrous 
compounds are oxidised to ferric compounds, and produce the 
characteristic brown colour. 

Ferrous compounds and magnetite are most ■1-' f - in 

sands, as, when heated, they combine readily with ■ .! ■ my 

alumino -silicates which may be present, forming fusible compounds 
which reduce the refractoriness of the sand. 

Bed ferric oxide is almost infusible if heated in an oxidising 
atmosphere, so that its presence in a rcfracdory sand is not so 
serious as the presence of ferrous compf)unds and magnetite, but 
if it is heated in a reducing atmosphere, it may be reduced (utlnn- 
to magnetite or ferrous oxide, and so may be ecpially as harmful 
as when these compounds are pj’esent naturally in the sand. 

Generally s])oaking, if iron compounds in sands are luaitcul 
exclusively under oxidising conditions, their eflnct on tlu^ fusibility 
of a sand will bo very slight. If, on the (‘ontrary, a reducing 
medium is present, the iron compounds will be coi'r(\spondingIy 
reduced and will act as i)owerful fluxes. 


Calcium Comuoumds 

Calcium compounds occur in sands in various forms, tlu; following 
being the chief : 

Calcite is a carbonate of calcium which ocunirs as whihy gr<'y, 
or tinted hexagonal crystals, having a Inii'dness of 3 and a specilh; 
gravity of 2-71. It may occur in crystalline form oi' it may form 
a tufa or calcareous sinter. 

Calcitc (often with dolomite) frequently occurs in sands derived 
from the Glacial Drift. It has also been found in some duiur 
sands. 

Aragonite has the same chemical composition as calcite, but 
crystallises in the orthorhombic system, forming white, grc\y, 
yellowish-green, or violet crystals, having a hardness of 3-5-4 and 
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a specific gravity of 2-94. Aragonite forms the greater proportion 
of many coral and shell sands. 

Gypsum is a hydrous calcium sulphate, occurring in colourless 
white, grey, yellowish, or reddish grains of monoclinic crystals, 
having a hardness of 1-5-2 and a specific gravity of 2-3. Anhydrite 
is an anhydrous form of gypsum occurring as white, grey, bluish, 
or reddish orthorhombic crystals. 

Fluorspar is a calcium fluoride ; it occurs in colourless, white, 
green, purple, yellow, or blue cubic crystals, with a hardness of 
4 and a specific gravity of 3-0-3-25. It is derived chiefly from 
mineral veins, in which it occurs as a gangue mineral. 

Felspars and micas, as well as other alumuio-silicates, may 
also contain lime compounds, and although the proportion present 
may be less than 15-20 per cent, the effect of this jcroportion may 
be serious, so that these minerals should also be considered to 
some extent as lime compounds, as their principal effect on sands 
depends on the amount of this particular flux wliich they contain. 

Calcium compounds frequently occur in glacial sands as a 
result of the breaking up and powdering of limestone blocks by 
the action of ice. 

When the calcium carbonate has been brought into the sands 
by percolating water, it may form a film or coating over the quartz 
and other grains present. This may be distinguished by the fact 
that it effervesces when treated with hydrochloric acid. 

The effects of lime compounds on sands are very varied : 

1. If the sand is to be used in the manufacture of bricks which 
are burned in a kiln, the lime compounds may be converted into 
quicklime during the firing, and when the goods are later exposed 
to moisture, they will i^robably crack, or at any rate, the lime 
will slake and may fall out ('‘ blow ”), leaving a cavity corre- 
sponding to the size of the mass of free lime. For this reason, 
the ]U’esenee cff lime compounds in such sands is undesirable, and 
if present at all, must be in such a fine state of division that they 
wall not do any harm, should they be converted into qiiicklime 
and afterwaixls slaked. Lime compounds may be removed from 
sand by washing, unless the |)articles are very small. 

2. Lime compounds react with silica at very low tem])eratures, 
forming calcium orthosilicate or calcium metasilicate, the latter 
being generally formed in the presence of a large exce.^s of silica. 
Accortling to J. W. Clobb, the reactions take ■i)lace beloAv the melt- 
ing points t)f both lime and silica and may be completed at almost 
any tenpierature between 800° and 1400° 0. Table XXVIII., 
due to R. Rieke, shows the effect of lime on the refractoriness 
of silica in the form of line quartz sand. 

When free alumina is present in the sand, the lime and the 
alumina unite at a temperature of 850°-900° U. and more raiudly 
at 1100°-1300° C., forming a calcium aluminate. Ternary com- 
pounds or alumino-silicates may also be formed by the interaction 
of lime, silica, and alumina. 



192 


CALCIUM COMPOUNDS IN SANDS 


Table XXVIII. — Fusibility of Lime-silioa Mixtubes ^ 


Lime. 

Siliea. 

Kofractoriiu'ss. 


(5 

" (!, 

1790 

i 

' (5 

1710-1730 

1 

5 

1710 

1 

4 

+ 1(190 

1 

3 

KiOO 

2 

5 

1530-1580 

1 

2 

1435 

5 

0 

1410 

10 

17 

1410 

5 

8 

1410-1435 

2 

3 

1435 

5 

7 

1435-14(10 

10 

13 

1 4(10 

4 

T) 

14(10-1480 

5 

() 

1480 

1 

1 

1520 

10 

<) 

-h 1480 

6 

4 

1435-14(10 

10 

7 

11410 

5 

3 

- 14(10 

2 

1 

1(150 


Table XXIX., due to J. W. Cobb, shows the teinperaturc^s at 
which lime acts on silica and the various comi)ounds formed. 


Table XXIX. — Reaction Tjsmpickatuhem of Lime-hujca Mixtubes 




('omiueaccmu'nl, 

Coinplclimi 

I’i'Ollllcl. 

_ 



of Reiu^tioii. 

of Reiu'tinn. 

1 yjiii'i (ialeiiiiu (Tirboimto 

and 

" U. 

“ (!. 


1 psirt silica 

1 part caleiuin carl)onato 

and 

800 

1400 

j 

10 parts silica . 


800 

1 250 

, daO . iSiO., 

1 part cahnutn .sulpliale 

and 



■ 

10 parts sili(ai . 

3 j)artH calcium carbonate 

and 

1000- 1200 

1300 

I 

1 [)art silica 


800 

1 250 

2('a() . SiO.j, 









The action of lime may be altei’cd by the piiiscmct^ of otlu r 
duxes in the sand. When alkalies are present simultaneous! v 
with lime (as is usually the case), they rechuic the tem])(n'atur(^ 
at which intei'action occurs, as sodium and ])otassium sili(^a.tes 
and alumino-silicates are formed at a lower tempei'atui’e, and fus(i 

^ See footnote on p. 187. 
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inoro readily, than the corresponding lime compounds. Moreover, 
any fused matter which may be present acts as a solvent of lime, 
silica, and alumina, and thereby facilitates their interaction. 

When iron oxide is present, calcimn metaferrate (CaO . FegOg, 
melting at 1205° C.) or calcium orthoferrate (2CaO . FegOg, melting 
at 14()b° C.) may be formed. According to R. B. Sosman and 
H. F. Merwin, both these substances dissociate at their melting 
■l)oints, the latter giving black crystals with a yellowish-brown 
tinge, and the former yielding long black needle-shaped crystals. 

The c'.xtent to which these reactions will occur dejiends chiefly 
on the relative quantities of each of the constituents present, the 
size of the particles, the temperature to which the mixture is heated, 
and the duration of the heating. 

Liiiui compounds are amongst the most powerful fluxes, and 
minerals containing lime may reduce the 

■ i.e sand very considerably. The eflect of lime 

coini)(mnds in this way depends on the size of the grains and the 
intimacy with which they ai'('- associated with the other constituents 
of the sand. Thus, the very minute ])articles uniformly dissemi- 
nated thi'ough the sand are mirch more active; in their action than 
larger irregularly disposed ])articlos. 

The; form in which the lime is ])resent also alhuits the activity 
of the; reuic.tions. In tlu; form of c.arbonate, the action is very rapicl, 
as the; c.a,rl)ouate is (Uw.ompo.seMl at a teunperatui'e; of about 7(K)'’ (!., 
forming frcee linu; whicti attaedvs tlu; silica and silicate's presemt 
ves'y rai)idly. (hJetum sulphate; eloees ne)t e]isse)ciate; below a 
temipe'rature; e)f 1200° (L but abe)ve this tempei’iiture; its actie)n 
is e'.xaetty like; lime; e)r e'.aletuin eairbonate;. In the; foi'in e)f fedspar 
anel otlu'r e'ale'ium-be;aring ahimine)-silie;ate;s tlie; aetteai e)f the lime; 
is alse) i'e;tarele'el to seeme; (;xte;nt, the; l•e;frae;te)rine;ss ue>t being rcahu'eal 
se) grexitly fvs with e;ompe)unds whiedi pi'oelue'.e; fi’e;e; lime. 

5. Soluble; eialetum e;e)m|>oun<ls may prejehu'e' a, semm e)U any 
iii'tiete's nuide; from the; sa.nel, unle;.ss sue-h. c()m|)()unels are; etm-ngeal 
into some; insoluble; form eluring the; e-e)urse' e)f immufactui'c. 

Ib'MUUM ( !e)M I'OUN DK 

Ibu'inm e;ompe)unels oe-emi’ in siinels, the; eenly one* of impoit-iiiice; 
be'ing Barytes, whiedi oe-emi's ;i,s e;e)le)urle'ss oi- white; e)i'l.be)rlie)m bie; 
e;rvsl-iils, seeme'tinu'S tingeal witti ye‘Ile)w, real, bi'e)wn, eer blue-, Imving 
a harelne-ss e)f 2-5-.‘b5 einel ii s[)ce-ilie; gravity e)f t-o. It is eleei'iveal 
etiietly fre)m mine;riil ve;ius in wliie-h it e)e‘eMirs eis a ga,ngiien Ihii'ium 
e;e)mpe)unels in siinels eiet. in iUme)st e;xae;tly the' same; weiy as e'iile'ium 
e;e)mpe)unels, se; tluit the;ir ae-tion ne;e;el ue)t be; ele;se:ribe;el se;pa,r<ite;ly. 
Harinm silie'iite im;lts, iie;e;e)reling te) (1. Ste;in, ;it IIKIS-b’ (!., anel 
iu;eie)reling te) It. (J. VValbu-ey at MOO'’ (J. ; the; liitte;r ligure jerobably 
re;late;s te) the elisiliciite. 
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MAGNESIUM COMPOUNDS IN SANDS 


Maq-n-esium Compounds 

Magnesium compounds may occur in sands in any of the 
following forms : 

Magnesite occurs as white, grey, yellow, or brown grains, 
sometimes in hexagonal crystals, having a hardness of 3 •6-4-5 and 
a specific gravity of 2-8-3 or more. It is produced by the alteration 
of rocks rich in magnesium silicates, chiefly vein rocks. 

Dolomite is a carbonate of calcium and magnesium which occurs 
as white or tinted hexagonal crystals, having a hardness of 3-5-4 
and a specific gravity of 2 -8-2 -9. It occurs rarely in recent sands 
such as those in the .Drift of Suffolk. , 

Spinel, see below. 

Cordierite, see p. 188. 

The effect of magnesium comjDounds on §ands is to reduce 
their refractoriness, but, unlike lime compounds, the rate of fusion 
is comparatively slow, and the compounds formed arc very viscous 
in the molten state, so that where the sand is used in the manufacture 
of articles which are afterwards burned in a kiln, the vitrification 
range is much larger and there is less danger of the goods losing 
their shape than when lime compounds are present. 

Aluminium Compounds 

The aluminium in sands chiefly occurs in the felspars, micuis, 
pyroxene, amphibole, clay, and other alumino-silicates, and otlun- 
minerals present as impurities, but a small pro])ortion may occnir 
as free alumina. The principal forms of free alumina whi(k may 
occur are as follow : 

Corundum consists of grey, green, rcaldish, or y(^llow hexagonal 
crystals, having a hardness of 9 and a spcanlic gravity of 3-9-4- 1 . 
It is derived chiefly from veins and segregations of ign(M)us rociks. 

Bauxite, Laterite, and Diaspore are Iiydrous forms of alumina 
which occur very occasionally in sands. .Ihiuxite is an amoi-phous, 
earthy, or granular material of dirty white or hi-ownish colour. 
Laterite is an impure form containing immh ii'on oxidcc Dia, spore 
forms white orthorhombic crystals, with a hardm-ss of about 7 
and a specific gravity of 3-6. 

The effect of alumina on sands varies a,c!(iording to tlu'. state 
in which it is present and with what it occurs. Alumina r(aluc,(\s 
the refractoriness of sands when small ])roportions ai-e pn^sent, 
but larger iiroportions increase the r(4Vactoriness, Tabk', XXX., 
due to Segor, liecht, and Simonis, shows the effect of alumina on 
the refractoriness of silica. 

Spinel is the term used to designate a grouji of minerals of 
varying composition, but consisting css(mtially of magnesium 
aluminate, though iron, manganese, and (ihromium may rcjilace 
some of the magnesia. They occur as i-cd, brown, black,' or some- 
times green or blue cubic crystals, having a hardness of 8 and a 
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Table XXX. — Fusibility oe Alumina-silica Mixtub.es 


Silica. 


Refractoriness. 

100-0 


|j r 

93-6 

6-5 


91-6 

8-4 


89-9 

10-1 

ii 

87-2 

12-8 


85-2 

14-5 


82-5 

17-5 

1650 

78-0 

22-0 

1670 

74-7 

25-3 

1690 

70-3 

29-7 

1710 

63-9 

36-1 

1730 

59-6 

40-4 

1750 

54-2 

45-8 

1770 

49-5 

50-5 

1790 

44-0 

56-0 

1825 

37-1 

02-9 

1850 

28-1 

71-9 

1880 

18-0 

82-0 

1920 

7-1 

92-9 

1960 


100-0 

2000 


A minus .sign iiulicutc.s a tcinperatiiro sliglitly Ik'Iow tliat. sliown. 
A plus sign indicates a tcnipcratnrc .slightly above tiiat shown. 


specific gravity of 8 •5-3-0. They am derived chiefly from basic 
igneous rocks and from nietaniorphic gneisses, sei’pentines, and 
crystalline limestones. 

Chrysoberyl is a beryllium aluminate derived from granite, 
gneiss, and mica-schi.st, which occurs to a limited extent in sands 
as green orthorhombic crystals, having a hardness of 8-5 and a 
specific gravity of 3 -5-3 '8. 


Strontium CoMrouhJDS 

tStrontium compounds are very rare in sands, the only one of 
any importance being Celestine, which is a sul])hat(i of strontium 
occurring as white oi'thorhombii^ crystals, having a hardness of 
3-3-5 and a .specific gravity of 3-90. 


Tantalum Compound.s 

Tantalum compounds are also rare in sands, tlu^ chief one 
being Tantalite, — a niobate and tantalate of iron and mangant'se 
which occurs as black, grey, or bi’own oi-thorhombic crystals, 
having a hardness of 6 and a specific gravity of 5-3-7-3. 
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TITANIUM COMPOUNDS IN SANDS 


Titanium CoMrouNus 

TitaniTim compounds occur in sands in the following forms : 

Rutile is a titanium oxide occurring as reddish-brown, ydlowisli, 
or black tetragonal crystals having a hardness of 6-6-5 and a 
specific gravity of 4-2. It is derived chiefly from acid igneous 
rocks and metamorphic rocks, though it may also occur as an 
alteration product of other titanium minerals. Rutile is one of 
the commonest detrital minerals in sands, on account of its great 
stability. It is almost indestructible, and may be ])asse(l on from 
one deposit to another with practically no change. In soim^ cas(\s 
rutile is concentrated by water action forming large deposits con- 
taining but little quartzoso material (j). 164). 

Brookite is a titanmm oxide occurring as brown, rculdish, or 
blackish orthorhombic cryvstals, with a hardness of 5-5-6 and a 
specific gravity of 4. It is also an alteration product, dcilvcd 
especially from dolerites. Brookite is less widedy distributiul than 
rutile, but is very common in the Coal Measures of Durham {ind 
the Millstone Grit of Yorkshire. 

Anatase is also a titanium oxide which occurs as sk'iuh'r 
tetragonal pyramids of a brown, blue, or black colour, having a 
hardness of 5-5-6 and a specific gravity of 3-<S2-.‘l-95. It is an 
alteration product from other titanium minerals and is primti pally 
derived from granites, dolcrite, schists, etc. Anatase, lik(' brookite, 
is also of more local occurrence than rutile. It is abundant in 
the Keuper Waterstones, and occurs to sonu’i extend, in tlu* Drift 
of Suffolk, the Wealden beds, tlic Infci-ior Oolite of Noi'tlnun])(,()n- 
shirc, the Bunter bods of the Midlands, and in li‘cla.nd. tiu^ l.owen- 
Permian of Yorkshire, the (bal Moaseircs of Northmnlx'rhind, tla- 
Millstone Grit of Yorkshires and Scotland, tl>c ( farboiiiferous kiiiK'- 
stono, and the ])ockct sands of Dcrbyshii’c and North VVak's. 

Ilmenite is an oxide of iron and titanium oca-ui'i-ing as bhick 
hexagonal crystals, having a hardms.ss of 5-() and a^ spcciiie- gravil.y 
of 4-5-5 -0. It is den'ived from basie^ igiu'oiis I'ocks, ('spc'cia Hy 
diorites, and also from the disinte^gi-ation of iidnaisive- v(‘ins. 11, 
is one of the commonest heavy mim-rals, and is found in practically 
all detrital sediments. In some' ease's it ma,y be^ partly conve-rte'd 
into Imicoxenc and anatase. Ilnuniite is sonu'times concentralcd 
into large placer (le))osits containing lew other miiU'raJs. 

Sphene or Titanite is a titanato and silicate; of calcium which 
occurs as brown, gree'n, grey, yellow, or black monoclinic crystals, 
having a hardness of 5-5-5 and a sjHiclfic gravity of 3-, 54. It is 
derived chiefly from acid igneums rocks such, as granite;, sye-nite;, 
ete;., and also from metamoqfiiic roe-ks, rie;h in e-ale-ium. 

Leucoxene is a variety of s])hcne' ])re)duce'el by the; alte'ratie)n 
of ilmenite and other titanium-boaring mine-rals. It is fe)unel in 
most sands anel deposits where other titanife're)us mine'rals e)e-e-ur. 
and is es]jecially freepient in Carboniferous rocks. 

Titanium compounds act as powerful fluxes, anel, if pre'sent in 
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quantities exceeding 2 per cent, they greatly reduce the refractoriness 
of the sand. The effect of titanium oxide on the refractoriness 
of silica is, as shown in Table XXXI., due to R. Rieke. 

Table XXXI. — Fusibility of Titanium Oxide-silica Mixtures 


Silica. 

Titanium Oxi:lc. 

Refractoriness. 



° C. 

100 


1790 

90 

io 

1730-1750 

80 

20 

1650-1670 

70 

30 

1580 

60 

40 (Eutectic) 

1530 

50 

50 

1610 

40 

60 

1670 

30 

70 

1650 

20 

80 

1650-1670 

10 

90 

1650 


100 

1610 


The effect of titanium oxide as a flux on alumina is even more 
marked than on silica, as is shown in Table XXXII. , also due to 
R. Rieke. 

Table XXXII. — Fusibility of Titanium Oxide-alumin.^ Mixtures 


Alumina. 

Titanium Oxide. 

Refraeti)riiii‘ss. 



' e. 

100 


2000 

80 

20 

1825 

70 

30 

1770 

60 

40 

1730 

50 

50 

1730 

40 

iiO 

1730-1750 

30 

70 

]()90 

20 

80 

1650 

10 

90 

1630 


100 

11)10 


Thorium, ('erhtm, and Yttrium Compoun d.s 

The only inqiortant thorium conqiound oceun'ing in sands i.s 
Monazite, which is a pho.s])hatc of cerium metals and thorium 
silicate', and occurs as pale yellow or reddish-brown inonoclinic 
crystals, having a hardne.ss of 5-5 and a .s])ecilic gravity of 5-0. It 
is derived from granites and jiegmatites. 

Thorianite and Thorite are also sources of thorium, but they 
occur only rarely in sands. 

Xenotine is a mineral similar to monazite, consisting of ])hos])liates 
of the cerium and yttrium gi-oujis, together with silica, thoi'ia, 
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TUNGSTEN COMPOUNDS IN SANDS 


zirconia, etc. It contains 8-11 per cent of ceria earths and 54-65 per 
cent of yttria earths, and occurs as brown to reddish-brown or 
yellow tetragonal crystals, with a hardness of 4-5 and a specific 
gravity of 445-4-56. It is frequently associated with zircon, 
especially in granitic rocks, and is abundant in the diamond sands 
of Brazil and in Scandinavia. In smaller propoi’tions it occurs 
in other rocks, such as those of the Millstone Grit, and in some 
detrital sands. 

Tungsten Compounds 

Tungsten compounds occur in sands in varying quantities. 
The following are the principal varieties : 

Wolframite is a tungstate of iron and manganese which occurs 
as brown or greyish-black monoclinic crystals, having a hardness 
of 5-5-5 and a specific gravity of 7-1-7-9. It is derived from 
pneumatolytic veins. 

Scheelite is a tungstate of calcium which occurs rarely as 
yellowish or brownish tetragonal crystals, with a hardness of 4-5-5 
and a specific gravity of 5 -9-6-1. It is also derived from pncui- 
matolytic veins. 

Hubnerite is a tungstate of manganese which occurs veiy 
rarely in sands. 

Chromium Compounds 

There are various compounds containing chromium as a minor 
constituent in sands, but the only one which contains a larg('. 
proportion is Chromite, which occurs as black or brownish-black 
cubic crystals, with a hardness of 5-5 and a s|)ec,i(ic, gravity of 
4-3-4-5. It is derived chiefly from ultra-basic I’ocks, pci-idotik's, 
etc. It is very resistant to weathering, and is c-arricul about in 
sands without any appreciable alteration. 

Tin Compounds 

Tin compounds occur in sands only as Cassiterite ; it is found 
usually as black or brown tetragonal crystals, with a bai'dru'ss 
of 6-7 and a specific gravity of 6-4-7-1. It is (k-rivaul from granites 
and quartz veins as well as other add igneous roefits. It is found 
in the sands of Cornwall and other tin-bearing districiis, and ha,s 
also been found, to some extent, in the i)ocket-sands of Ihn-byshinu 

Zirconium Compounds 

Zirconium compounds occur in sands principally as Zircon (zir- 
conium silicate), which comsists of colourless grc'.en or reddish-l)rowu 
tetragonal crystals, having a hardness of 7-5 and a sp(u-ific, gravity 
of 4-7. It is derived from many types of igneous roctk, especially 
acid ones, and also from crystalline iimestones, gneisses, and schists. 

Zircon is an extremely durable mineral, and may be r(q)catedly 
transported from one deposit to another without any material 
changes. Consequently, it is one of the commonest constituents 
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of aands, and is found in almost every deiiilii^iU N[ji sonic cases 
it is concentrated by water action forming larg6’’^#|fo^^'diWCS^^ 
free from other minerals. hff^T"7'^ 


Manganbsb Compounds 


Manganese oxides occasionally occur in some dark sands. 
They act as powerful fluxes and rapidly decrease the refractoriness 
of sands in which they occur. They also give the sands a brown 
colour, if present in sufficient quantity, which may be an objection 
to their presence. Manganese compounds may occur as a thin 
film over the quartz and other constituents of the sand, giving 
the whole bed a brown colour, which may be removed to some 
extent by washing. 

Phosphorus Compounds 


Phosphorus compounds occur in sands chiefly in the following 
forms : 

Apatite is a phosphate and fluoride of calcium or a ])hosy)hato 
and chloride of calcium, with a hardness of 5 and a s])(5cific gravity 
of 3 -17-3 -23. It forms greenish or yellowish hexagonal crystals 
which, in some cases, are various shades of blue, grey, red, and brown, 
whilst white or colourless specimens also occur. It is tUs'ived 
partly from igneous rocks and jiartly from rocks which have been 
altered by mctamorphic action. A])atite is not of wi(l(^ ocuairreiKie, 
but occurs to some extent in the Reading beds, tlu^ Thanct sand, 
tlici Puiitei' bods of the Midlands, and the Lower Permian beds 
of Yorkshire. It has also been found in some dune sands. 

Coprolite and Phosphorite are natural ])hos])hate rocks which 
ar(! produced by the accumulation of organic- I’einains. Phosphatevs 
arc common, in the Greensand beds, some ])ortions lan’ng so rich 
as to be suitable for use as f('.rtiIis(M-s. 

ldios])horus coin])ounds (“fleet a serious reduction in tlu' 
refractoi'iness of silica, on account of tluur low fusittg point a,ii(l 
the foi'ination of fusibki pliospluip^s. flkibk^ XXX 11 1., du(‘ 1o 
(I. Nielson, shows the' softening points of various mi.\tur('S of 
(ailcium phosphaPi and silica. 


'I’ahlio XX.XIll. l^’usimi.iTV ok (!Ai.ciUM-i*nosi“iiATi';-sii,icA Mix'I’chuh 




Calciiiiii 

I’llortpIliUo. 

Si lira. 

Snl't I'liiiiK I’liinI . 





' ( 



KM) 


1.7.70 



'.)() 

10 

1 140 

(Juflyos. isio.. 


s:nH 

l()-2 

14.70 


so 

20 

14 SO 

(:u.,I‘a<L ■ ^SiO. 


72- 1 

27-!) 

1.700 



70 

:io 

144.7 



<)3-2 

:U)-H 

lUSO 



OO 

40 

1400 

(Jual'aOn . 


r>(i-3 

4:07 

1470 
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ORGANIC MATTER IN SANDS 


Metallic! Elements 

Metallic elements occur in small proportions in some sands. The 
principal ones so found are as follows ; 

Gold occurs in grains of various sizes associated with zircion, 
corundum, topaz, garnet, etc. It is yellow or bronzy in (tolour, 
and has a hardness of 2-5-3 and a specific gravity of 12-20. It 
is derived from gold-bearing primary rocks, in whicili it occurs 
disseminated through the mass. 

Platinum occurs as steel-grey particles, whic.h may b(^ cither 
amorphous or crystalline, usually the former. It has a hardness 
of 4-4-5 and a specific gravity of 21-45. Platinum is derived from 
basic igneous rocks, peridotites, etc., though it may also bo derived 
from some metamorphic and sedimentary rocks wliic'h Imve beam 
produced originally from basic igneous rocks. 

Palladium, Osmium, Iridium, Ruthenium, Iridosmine, and 
Rhodium are also found in association witlr platinum in detrita) 
deposits. 

Non-Metallio Elements 

Non-metallic elements do not occur in sands, except carbon, 
which may be found in some sands, as Diamond (s(H! ]>. {)()). 

Rook Eragments 

Besides the simple minerals already dcscrib(Hl, small rock 
particles consisting of aggregates of mineral gi'ains may occur in” 
sands. Such rock fragments arc very common in d('S('i'i siuids, 
which often consist chiefly of c.omminutcTl roelc pa:rii(h's. In 
regions where crystalline schists have bc'cm disintc'gi'a-b'd, snuUl 
fragments of schist, (piartzitc, and granulitc^ an' ollen found in 
the sands derived from these rocks. 

Oroanig and other Carbonaceous Matter 

{'ai'bonaceous matter (xa-Airs in most sands. It is derivu-d from 
either decayc'd animal or vegc'table maths', and may b(' iiicludod 
in the de])osit as a result of the infiltration of waler conl,aining 
carbonaceous n>att{U' in suspension, or by tlu^ simulf, ancons deposi- 
tion of carbonaceous matter during thc^ pcs'iod of formation of the 
sand, or by bituminous rocks becoming mixed with the siind. 
In some castes the origin of tlu^ earbonac(s)us mattm' may b(i readily 
recognised, as when leaves, wood, roots, ('ten, a-i'c j)r('S('nt. 'Idi'e 
carbonaceous matter may be disseminah'd veu'y uniformlv thi'ough 
the sand or it may be concentrated in c.ertatn places. ' In sonu'. 
sands carbonaceous matter forms a thin film over tln^ (piartz 
and other gi'ains present, giving the wholes mass a dark-brown colour. 
The colour may sometimes be a guide as to the amount of carbon- 
aceous matter ju’csent, but this is not very ri'liabk'. as othi'i' colouring 
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agents may influence the tint of the sand. Very dark sands, 
however, are frequently rich in carbonaceous matter, and when 
tjiey are heated the colour may become much lighter, due to the 
burning ofl of the carbonaceous matter. 

The principal effects of carbonaceous matter in sands are — 

1, The colour in the raw state is very dark. 

2. It has a reducing action upon any iron compounds which 
may be present. This action is very beneflcial, as the iron com- 
pounds are reduced in process of time and converted into soluble 
substances which may be partially removed by infiltrating water. 
In this manner the iron content of the sand is gradually lowered 
and a partial purification takes place, so that a sand which originally 
might be very impure and unsuitable for purposes where a refractory 
sand is required might, in time, be so purified as to be suitable 
for such purposes. This has been especially the case with the 
glacial sands of Lancashire, which have been partially purified by 
carbonaceous matter in this way. 

Many of the purest sands are associated with carbonaceous 
material, this association probably being partly the cause of their 
purity. The Fontainebleau, Lippe, and Hohenbocke sands on the 
Continent, and the Aylesbury sand are all very pure sands which 
are associated with carbonaceous matter. 

Shells are a common constituent of many sands of marine 
origin, and in some cases they form the bulk of the deposit (p. 157). 



CHAPTER V 

PROPERTIES OF SANDS 


To attempt to describe the properties of sands is to open out a 
very wide field, as sand is not a single mineral, but a hotcrogtmoous 
mixture of many different ones ; the innumerable combinations 
of these minerals in varying proportions produce sands of cmdloss 
variety, so that to describe their properties fully would bo a tcalious 
and very difficult matter. It will be suflicicnt, however, for the 
purpose of this volume to describe the piineipal propoities of a 
pure sand — that is, a quartzose sand — and to show how the presences 
of the various impurities mentioned will alter its ]')roperties, rcd'ei’ring 
the reader to other parts of the book for further infoi’ination as 
to the properties of such impure sands. 

Chemical Composition. — The chemical eom]X)sitioii of sands is 
very important, especially for some purposes for whi(b sands 
are used. Sometimes it may only bo necessary to know the. 
percentage of silica, iron oxide, alumina, and water, whilst in other 
cases a more accurate and complete determination may Ix' lu'cc'ssary . 
The analysis of a sand is usually r(p)orted somewlvat as follows: 


)Silic'a 

A iH'r (‘('u 

Alumina 

H 

Iron o.xitin . 

. (1 

Limo 

1) 

IViHffno.sia 

. 10 

Alkalies 

. K 

Lo.ss on ignition 

. (1. „ 

1 00 |)('i- (fou 


In the first place it will bo observed that th(^ analysis adds up 
precisely to 100-00, a feat of skill almost impossibles, (wem to the 
ablest analyst, and an almost certain sign that some (ionstitmmt 
has been “ estimated by difference.” This is a e,ouv(mieni way 
of stating that the analy.st has been too lazy, too busy, oi’ too 
ill-paid to make a proper analysis, and having detei-miiu'd tlu' 
silica, alumina, iron oxide, and lime, has found that a certain 
amount of material remains unaccounted for. lie, therefoiay 
describes this “ difference ” as “ alkalies,” and soothes his consc.iencxi 
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with the thought that so small a percentage of any ingr 
cannot make any appreciable difference in the value of the 
This method of working is all the more usual because the 1. 
attending the actual determination of the alkalies is almost 
to that required for all the other constituents put together. 

For some purposes, such as glass-making, an accurate know- 
ledge of the proportion of alkalies is unimportant, provided the 
sand is otherwise pure, but for others, such as moulding sand, 
the presence of lime, magnesia, and alkalies, even in small quantities, 
has a notable effect on the heat resistance of the sand, and their 
proportions should be determined with great exactitude. It is, 
as a matter of fact, less important to know the proportion of silica 
than of alkalies ; and if so complete an analysis cannot be obtained, 
on account of the cost of the labour involved, it is better to treat 
the sample with hydrofluoric acid until all the silica has been driven 
off, and to analyse the residue, than to make a guess at the pro- 
portion of alkalies, as is so frequently done. 

The composition of most sands includes 80 per cent or more 
of silica, together with some quantity of impurities. In very pure ■ 
sands, 98 or even *99 per cent of silica may be present. 

The amount of iron present in sands is often of great importance, 
especially where a very pure sand is required. 

Mineralogical Composition. — Although the chemical composition 
of a sand is of great value, it is sometimes insufticient, and it may 
then be necessary to know in what state the* vaiious elements 
determined are present, as some minerals may nob be harmful in 
a sand, whilst others may bo very undesirable, or an element in 
some form may bo undesirabh', whilst if combined in another form 
it may not be so harmful. Thus, silica, alumina, and alkalies may 
be combined in the form of felspars or mica, but the felspars may 
bo harmless or less haranful than the micas. The methods used 
in determining the mineral ogicail com])osition of sands arc^ described 
on p. 250. The minerals present in sands have alrcaidy been 
described in Chaphu' IV. 

The pro])()i’tion of mineral iinpuritic's in sands vari('s according 
to tlicdr mode of origin, the rocks from which tlu'v have Ixam 
derived, etc*. In most cases, the proportion of impurities is seldom 
more than 20 i)er cent, and it is gcnuu'ally imuh less. Al)ont 1 per 
cent or l(‘ss is th(^ avcu'age j)r()portion of hcav\’ miiu'rals, thougli, 
wluua^ a larg(^ amount of fnu^ inatcu'iaf occurs, the ])roportiou may 
be higher. 

Hands whidi have been produced directly from igiu'ous rocks 
usually contain a higher ])i' 0 ])ortion of iin|)uriti('s than those which 
are foianed by the disintegration of older s(‘diments, as the constant 
trans])ortation of detrital minerals ttmds to se])arate the grains 
according to their specdlic gravities, (“tc., thus concentrating the 
heavy minerals in certain deposits and leaving the quartz grains 
reasonably pure. Thus, in some of the beds of the Uj)per Greensand, 
according to Boswell, the pro])ortion of heavy mimu'als is only 
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0-01 per cent or less. The Thanot sand contains 0-()7-0-.15 per cent, 
and the Woolwich and Reading beds 0-1-0-9 per cent of heavy 
detrital minerals. In the Inferior Oolite beds, the Eolkestone 
beds, and the Bagshot sands, the projiortion of heavy minerals 
is sometimes as much as 4 ])er cent, though usually it is about 
0-5-1 per cent. As a general rule, the coarser sands ciontain a 
smaller proportion of heavy minerals than the liner sands. 

Chemical Properties. — The chemical properties of sands vary 
with their nature and constitution. It is best, in considering this 
subject, to ascertain the chemical properties of a pure' ([uai‘tzose 
sand and then to find how those x>i’operties are affected by any 
impurities present. 

Quartz and most forms of free silica are insoluble in all ordinary 
acids, but dissolve more or less rai)idly in hydrofluoric acid in the 
cold and in phosphoric acid at 400° C. or at higher temperatures. 
Crystalline quartz is least soluble and amorphous silica the*, tnost 
soluble. The following results, due to 8chwarz, show the ])roi)()rtions 
of crystalline and amorphous silica dissolved by hydrcrlluoric! acid 
at 100° G. by digestion for one hour : 

Quartz 5-2 per cent. 

Gelatinous silica . . . r)2-9 ,, 

Felspar, leucite, and other minerals which contain a high 
percentage of silica arc also usually dissolved v(U‘y (piickly l)y 
hydrofluoric acid, but anatase, brookitc, rutile, andalusib^, kyanitc, 
sillimanite, staurolite, topaz, tourmaline, corundum, st)incl, cas- 
siterite, axinite, and zircon an* only slowly attacikcd, whilst smih 
substances as mica, hond)lcndc, and splu^nc are partially (h'coin- 
posed. 

The action of alkalies upon (piartz and otlu-r forms of fi‘('(* silica^ 
is similar to that of hydrofluoric acid. Quartz is attack('d to some* 
extent by caustic soda., lincly-divi(U*d ma.t(*i-ia.l being more' r(‘a.dily 
attacked than the coarse ci-y.sta.ls. Non-(a-ysLa.llinc silica, is still 
more easily attacked. (Colloidal and hydrab'd forms of silica, acc' 
rapidly attacked and dissolved. Sodium carhonal.c also a.l.ta:cks 
quartz, but to a lesser degree. 

(hustic soda dc(*om[K)ses felspar- (pu(*kly at a bright red licat, 
the extent of the acition dcp(*nding on the- siz(' of the parl.ich's 
and the nature of the felspar. Fine |)artiel('s arr- naturally morr- 
readily attacked than eoai-.si* oiu's, and soda felspar dissobc's 
(juieker than ])otash felspar-. 

Caustic soda also attac^ks hor-itbh'ndr*, augit(', biotiti', etc., to 
some extent, but andalusite, ('pidote, and muscovite arc' not 
ap])rccial)ly aJTected. 

Lime does not affect silirai at atmosph(‘i-i(! t(‘tnp(*r-atni'('s, but 
at high tem])eratui-es (abmrt 1000° C.) it b(\gins to r-('aet upon 
amorphous silica i-apidly, and though rpraitz and oth(*r foi'ins of 
crystalline silica ar-e not obviously attac-kr^d below a t(*m])erature 
of 1400° C., yet, accor-ding to .1. W. Cobb, soinr' (umdrinatiorr do('S 
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occur (p, 191). Lime also attacks siliceous minerals in the same 
manner as silica. 

Silica and siliceous minerals are attacked by carbon at all 
temperatures above 1200° C., forming silicon and carbon monoxide, 
and sometimes silicon carbide. This property is of great value 
in the manufacture of carborundum. The presence of iron com- 
pounds (as impurities) favours the reduction of silica to silicon. 

Many of the impurities in. sands are affected by chemical 
reagents which do not affect quartz. This property is of value 
in some cases for the ]mrification of sands ; thus : 

Hydrochloric acid attacks many calcareous and ferruginous 
impurities in sands, such as dolomite, magnesite, calcite, iron oxides, 
etc. Olivine, serpentine, chlorite, ncy)heline, epidote, leucite, 
ay)atite, and other ])hosphates, monazite, etc., are also attacked 
to some extent. Some suly)hides are also dissolved. Manganese 
oxides, if present, are removed, and some silicates are decomposed, 
by prolonged boiling with the concentrated acid . 

hlulphuric acul attacks any clay or hydrated alumino-silicates 
which may be present in sands, decomyiosing them into aluminium 
suli)hate, silicic acid, etc. The action is not always com])lcto. 

Nitric acid attacks any sulphides which may bc^ present, forming 
sulphates. 

Chloric acid, is an active oxidising agent, and attacks any 
(iarbonaceous matter whic-h may be prestmt in sands. 

dodinm chloride {common mil), when mixcal with sand and heated 
to rc'dness, will t:aiise tlu^ vaporisation of almost all tlu' iron as 
chloride. The calcaned sand, afk-r waslnng to remove the soda, 
is th('r<d)y l■('nd(M■ed almost fre(' from iron compounds. 

I’lu^ (dlect of various r('ag('nts on sands, howevei’, is not in most 
cases sufhcicmtly distinct to r<'nd('r s{'paration accurat(\ as l)efor(^ 
oiu^ substaiiUH' is complebdy dec.ompos(‘d or dissoIv('d anotlu'i' 
matcs'ial may lnlV(^ bcasi aflected to sf)nu^ ('xteid, arid cons('(|U('ntly 
the separation is not slnir]), each consihausdi s(p)a, rated Ixdng 
(‘oid^a,minat(‘d l)y oih('i' suhsta-nc(\s. 

l\Ia,ny of tlu^ minerals which ocsMir in sands aix' liitl(“ aUcctcal 
by acids and a-re as resistant to tlusi' action as (pairl-/. itself ; sonu^ 
a,i'(' ('Veil mori' r<',sista,nt (c.f/. sillimanitc' and its alli('d mini'nils), 
so that onlv certain miiK'i'als, such as Lios(‘ pre\’iously irn'iitioned, 
a.lTeet th(' properties of sands in th(' cold. 

When head'd, on tlu' contrary, most initu't'al impnritic's in sands 
a.iTc'ct tJu'in moi'(i or h'ss si'riously. usualfx' r('dueing tiu' r('fi'nctorin('ss 
and soiiH'tinK's causing otlu'r dillicull ies. This ('Ih'ct is (h'alt with 
in gr('atm' (h'tail in th(( sc'ction on tlu' ri'fractory propei'ties of 
sands (p. 22()). 

Colour .--Tlu' coloui- of sands varii's within ('.xtrc'inely wid(( 
limits, and though ii^ i,". sonu'tinn's us('f\d, as a. na'ans of distinguishing 
differi'iit kinds of sand, v('ry litth' r<'lian('(' can be plaei'd upon it. 
Kor insta,nce, a dark colour in a natura.1 sand may not necessarily 
mean that the sand is impure, as the colour may be duo to tlie 
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presence of carbonaceous matter, wbicb, on ignition, may possibly 
readily be removed, leaving a pure white quartzose sand. On 
the other hand, a pure white sand may contain a large ])roportion 
of colourless impurities which may make it useless for some purposes, 
whereas, from its colour, a dark sand might be rejected in preference 
to a light-coloured one. 

The colour of sands may vary considerably in different strata. 
Thus, the top beds of a deposit may be coloured deeply by carbon- 
aceous matter, whilst lower down the sand may be perfecitly white. 
Another example of a change in colour of the strata is where a 
bed of sand is in close association with anotheu- bed containing 
reducing agents, such as humic acid. In suclr casevs a brown 
sand may be partially bleached where it is in contact with the 
other bed. This may not necessarily mean a grc'.at (ihange in 
composition, but simply that the iron com]munds in the saml may 
be reduced from the ferric to the ferrous state. Many sand deposits 
which have been exposed to the weather for some time show various 
tints of yellow or brown. This coloration, or discoloration, is due 
to the oxidation or rusting of the iron oxide which the sand contains. 
The depth to which the w'eathering has pemetrated is often shown 
by the colour of the deposit, and the brownish tint may becHune 
lighter at increasing depths of the deposit where tlu^ action of tlu^ 
weather does not occur to the same extent. The effect of wcuitlu^ring 
is particularly noticeable in soft sandy ]*ocks, which are frccpumtly 
covered with a thin layer of stained rock, whilst tlu^ intei'ior of 
the mass may be much lighter in colour. The limit of weatlu'ring 

and discoloration '■ rd r- v-l depemds to a large exkmt 

on the porosity or • >'• . ■ lo])osit. I'lnis, tlu^ pn^uuni 

of a clayey sand = • penetration of wab'r, (fee, 

and so prevent, or at any rate kvssen, tlu^ discoloi'ation of tln^ heals 
below it, on account of the clay being kiss peu'iiK'abk^ and arresting 
the ])ercolating wateu'. 

Discoloration diu' to wraitluM'ing may be' elistinguisheal fi'e)in 
discoloration due tee change in composition eer fre)ni eethe-r e-ause's, 
by the fact that the feernu'r (a)mme‘nc('s at the' siirfae'e' eef a. eh'peesit 
and tends te) be most |)ronoune‘.ed ale)ng fissure's, je'ints, e)i’ along 
the trails of plant-roerts. Thus, variatie'us in e'e)Ie)ur in elilTe'i'emt 
strata of sand in tlu; same' ge'ueeral beal may, but eh) ne)t ne'e'e'ssarilv, 
indicate some ajrpe’eciable diffei'cnea' in e'e)inpe)sitie)n, neu' is the' 
colour a reliable guide to the ])uiity of a sanel, as the' ame)unt e)f 
impurity proelucing tlu' e'erloui' may be ejuite' small in pre)pe)i'tie)n 
to the colour it proehu'es. 

The colour of sands is due partly to oi'ganic a,nel e'arbe)nae'e'e)us 
matter and partly to the minerals it cerntains. A ])ure epiartzite' 
sand, or one containing only colourh'ss iini'urities, siu'h as fe'lsf)a.r, 
mica, etc., will be almerst pure w'hito, whilst the' pi’e'se'ue'e' e)f ii'e)ii 
gives to the sand a yellow, r’ed, err brerwnish tint, whieeh varie's 
according to the nature of the iron coinpe)unds present anel the' 
proportion in which they occur. Magnetite will give black sands ; 
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haematite, on the other hand, will give the sand a reddish tinj 
whilst if the iron oxide is hydrated (limonite) the colour takoo 
various shades of yellow or brown. A greenish tinge inaj’- be seen 
in sands containing any appreciable proportion of iron in the ferrous 
state or as iron silicate. {See below.) 

Other impurities, if present in sufficient quantit}^, may give 
characteristic colours to the sand. Thus, the Greensands owe 
their colour to the presence of green or brown glauconite (p, 180 ). 
Brown sands may be due to the presence of manganese. Dark- 
coloured sands may also be due to the presence of iron silicates 
such as hornblende, augite, etc., titanium minerals such as rutile, 
or to zircon or other dark-coloured detrital minerals. Olive-green 
or bluish-green colouring is usually due to the presence of ferro- 
magnesian minerals and their alteration-products, such as chlorite 
and serpentine. For further information on the nature of various 
coloured sands see Chapter III. 

The colour of sands may change when they are heated. Thus, 
a dark colour due to carbonaceous matter )nay be de.stroycd, the 
carbon being converted into volatile compounds or into carbon 
dioxide, whilst any ferruginous iron which may be present may 
be converted into the ferric state, thus giving a light-coloured 
sand a darker shade. Any hydrated iron oxidci, or any magnetite, 
which may be present may be dehydrated and oxidised, forming 
a red instead of a brown or black sand. 

The transparency of sands depends on the nature of the minei'als 
present and on the im])urities which occui- in them. A })nre quartz- 
ite sand may consist almost wholly of clear- transparent grains, 
but the |)reseiicc of impurities may cause the grains to become 
opaque or- clouded. 'Die same effect (Xicurs with, other minerals 
such as felspar, (dc., jrar-tial decomposition in the latter- giving 
douded gi-ains. Thus, a sand rtray consist of trans])arent, ti’ans- 
lucent, or- oparpu'. grains ac.coi-ding to the; ainorrnt of irnpui-ities 
pr-esent. 

In some' cases, a sarvd may appruir- to (-onsist of opaque- gr-ains 
which are transluce-nt, or eveui tt-anspai-erii, whr-n in thr- form of 
tiny fi-agnu-nts. Thus, thr- edgew of bhu-k Hint grains at-(' ofte-n 
ti-anslu(;('nt. Dinas sand is also fj-anspai-r-nt if (-.xamined in thin 
sr-ctions. 

The- lustre of sands is a rtseful guide' ter their- e-ompositiori arid to 
ilu- pi-e-se-ru-e-. of e-e-r-taiir minei-als in the-m. 'Flurs, the silvci-y lustre 
of mie-a thdee-s in a sanel is r-e-aelily ele-te-e-te-d, whilst some- otlu-r 
char-ae-ie-r-istii- histr-c-s ar-e atso notie-.e-able. Quar-tz has a vitreous 
lusti-e-, whilst uu-tallie-, gr-ains have a e-haraed'e-ristie-. and irnmistakahle 
a])pe'arane'e'. Idle lustr-o erf mineu-als de-'irenels lat-ge-ly on their 
sru-faeter ; if the' latter- is dull anel e-or-r-erded the' mincr-al will nert have 
so brilliant a lustre- as whe'ii a ire-rfe-e-.tly ne-w and fi-c'sh sur-face is 
e'xamine'el. 

Refraction. — The- ae-tion erf sands u]re)n light tr-ansmittod thi-erugh 
the gr-ains is erf gr-eat importance in tletermining the nature of the 
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constituent grains. Many crystals and grains having a crystalline 
structure have the power of turning a ray of light passed through 
them, the relative turning (or refractive) ]3ower being expressed 
by a figure termed the refractive index, which is consta.n.t for each 
mineral ; by this means it is possible to determine the nature of 
some of the grains being examined. The refractive indices of the 
principal minerals likely to occur in sands is shown in Table XXXI\^. 
The use of the refractive index in estimating the proportion of 
various minerals in sands is described in Chapter VI. 

Table XXXTV. — Revhactive Indtces 



Max. 

Min. 


Max. 

Min. 

Anatase 

2489 

Hypei'Hilu'no 

1 -706 

1 -082 

Andalusite 

l-()43 

1-G32 

Kaolinite . 

1 -603 

Albite 

1 -.GiH 

Ivyanito , 

1-729 

1-717 

Andesine . 

1 •5.'58 

Labradoi’ito 

1-666 

Anorthite . 

1-682 

Lepidoliio 

l-()0 

Apatite 

1-G38 

1 -G34 

Leiieito 

] -608 

Augite 

1-723 

1 -G98 

Microclino 

1 -620 

1-619 

Barytes 

1-G47 

1-G3(i 

Mona/.ito . 

1 -841 

1 -790 

Biotite 

1-6 

1 -GO 

Muscovite 

1 -GOI 

1 -603 

Brookite . 

2-741 

2-683 

Nephelino 

] -643 

Bytownite 

2-74 

Oligoclaso 

1-644 

Calcite 

1-G58 

I -480 

Olivine 

I-GS9 

1-G64 

, Cassiterite 

2-093 

1-997 

Ojial . 

1 -46 

Celestite . 

1-G31 

1-G22 

Orthochisc 

1-626 

1-619 

Chalcedony 


)6 

Phl()gopil-(i 

1 -00 

Chromite . 

Very high 

l’yi'oj)l)ylli(.e 

1 -67 

Cordierite . 

1 -644 

1 -636 

(^mu’tz 

1 -663 

1 -6-14 

Corundiini 

1-7G9 

1 -700 

Hutilo 

2-903 

2-OlG 

Cristobalitn 

1 -484 

iSoi'piMUinc 

1 -f 

)7 

Diamoncl . 

2-4 

2 

iSillitnanilc 

1 -1)82 

1 -GGO 

Diopsido . 

1-1 


Sodalilo 

I -IS 

Dolomites . 

1-G82 

1 -603 

S[)inc'l 

1 -7 

D 

Enstatito . 

1-G7 

1 -G() 

StauroliU' 

1 -7-10 

1 -730 

Epidoto 

1-74G 

1 -714 

S(.rontia,nil(' 

1 -r 

2 

Fluorite 

1 -434 

'ritanite 

2-008 

1 -89i) 

Carnet 

Hi 

gh 

O'opa/, 

1 •(i27 

1 -018 

Claucojjliane 

1 -iVM) 

1-G21 

'I'oiirtnaline 

1 -(i-l 

1 -02 

Cypsiini 

i-r 

3 

Oh'idyinite 

1 - 

77 

Hailoysito 

[■[ 

.3 

X<'n()tim(i . 

1-810 

1-721 

traeinatili) 

Hoi'nblonde 


2-94 

r4t?? 

Zir(!Ou 

1-993 

1 -931 


MineralH which do not lairn tlie ray ol' liKhl. to any aptiriMdablo ii.vI.imiI, arc (cnticd 


iSome minerals are double refracrtiiig, i.<‘. they turn a ray of 
white light through several different anghbs, so that tlu^ ra,vs 
termed ordinary and extraordinary, or “ fast ” and “ slow ’’ rays. 
The maximum difference between tlui two I'ays is ku’iiKal tlu'. 
birefringence of the mineral, and tliis viihu! also' is of us(; in dis- 
criminating between the constituents of satid. 
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Hardness. — The hardness of a sand as a whole cannot be 
expressed by a simple figure, as it depends on the constituent 
minerals present. A knowledge of the hardness or durability of 
sands under abrasion is chiefly required where the sand is to be 
used for abrasive purposes, in which case the information desired 
is usually 

(i.) What is the hardest mineral present ? 

(ii.) In what proportion does it occur ? 

The abrasive action of a sand upon some other material will be 
oqual_ to that of the hardest constituent, but unless the hardest 
constituent is the predominating one it may bo undesirable. Thus, 
a soft abrasive containing some hard particles would be useless, 
as the soft abrasive would polish, whilst the harder ])articles would 
scratch. If the effect of the hard particles is desired, the softer 
particles are useless, and a sand containing a much larger proportion 
of the useful particles should be em])loyed. The hardness of a 
sand must, therefore, be expressed partly as the hardness of the 
])rcdominant constituent and partly as that of the hairiest material 
present. By knowing these figures, and also the ])roportions of 
any softer minerals which may be jiresent to a noteworthy extent, 
it is [lossible to determine the usefulness of a sand as an abrasive. 
Most sands consist of quart/, grains which have a hardness of 7, 
according to Mohs’ scale. Felspar is slightly less hard than quartz 
and is (‘(piiyalent to (i in Mohs’ scale. ^ The average hardness of 
most sands is (>-7. d’ho presoiur' of other minerals may aecontuate 
or diminish the usi'fulness of a sand as an abrasive. '’I’able XXXV. 
shows the liai'dness oi the princi|)al minerals likely to occur in 


I Alii , 0 XXX\. 1 1 .’V HI ) N K.s.s or M iNi'iHAOs (liiisi'd on Molls’ soiilo) 


AnivUiso 

1 liinlacsH. 

li’c'l.spar . 

II.-irdtH Sd. 

() 

Opal 

1 III rd ness. 

() 

AndHliisil-o 

. 7 a'") 

r'luor.s|)ai' 

. 1 

( )i'l lioclasi’ 

(> 

A [)u( i ( (1 . 

. f) 

(lai'iH't. 

. 7 

l’lil(iai)|)ili‘ 

2 -.7 

A Haiti’ ■ 

. ri'ii 

( J laiiconil (' 

2 

I’laainclasn . 

() 

iniryli'^i 

. 'j-n-ii-n 

< ,Ma.iic()|)liati(‘ 

(i-u-r) 

Igrilns . 

(i-o 

Ki'ryl 

7-~) 



(,)iiarl/, . 

7 

1 ■! i o i i 1 ( i . 

. 2 '.7 

1 1 aiMiial il(i 


Kidili' . 

(Lo 

Bronkitc, 


1 1 ornlili'iido 

5-5 

Si'i’pcnl inc 

■1 

(talcitc . 

. S 

1 1 v[»('i’st Ikmh' 

5-5 

Sidci'iO' 

:L;7-I',7 

( 'nssi 1 (M'i ( o 

. (»•;") 

llmnnil.o . 

. .7 -.7 

Silliinanilr 

()-7 

( '('losl-iiH' 

. :l.7 

Kiioliiiiin 

. 2-2 -.7 

SpliiMin . 

r).r,-r, 

( !lui-lc('dony 

. 7 

Kyaiiiio . 

. 0-7 

S[)iiU‘l . 

s 

( 'liromili’ 

. () 

Lcpidolilo 

. 2 •.7 

Sta,ur()lil(’ 

7 -o 

( Mluinliil (’ 

. () 

Liinonifi’ 

. .7 -,7 

Tiraiiili' 

.7 -,7 

( tordii'i'ili' 

. 7 ',7 

MaaiH'lit.n 

. .7 

d'oiiay. 

d’oiiriiialinc . 

s 

( torunduin 

. !) 

IVl icrocliiui 

. () 

7 -.7 

1 liainond 

. 10 

.Moiia’/.il(' 

. .7 ••7 

'ri'i’inolil (1 

,7-0 

1 loloinito 

. :l,7 

Muscovili' 


Woirnunili' . 

.7-r) 

I'lns1.n,l it,o 

. fi-.T 

NopladitH' 

. .7 -,7 

Xi'llotillH' 

-1 - .7 

liqiidolo 

. O-f) 

Oliviiio 

. ()-5 

Zii'i’on . 

7-5 
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sands, so that their effect on any particular sand may he readily 
found by determining the proportion of each mineral impurity 
present and then referring to its hardness in the table. 

If a mineral having a desired hardness occurs in a sand to a 
sufficient extent, it may be preferable to separate it from the 
other constituents and to use it in a more concentrated states 
For this reason garnet, corundum., diamonds, etc., are sometimes 
separated from sands in which they occur. 

Further information on the hardness of sands will be found, in 
Vol. 11. Chapter XIII. 

Texture. — The texture of a sand is a very important property 
and one on which its value largely depends. Sands in general 
consist of a mass of small irregular grains of various sizes aggregated 
more or less closely together. The state of aggregation varies 
considerably with the situation and the various weathering acitions, 
etc., to which the sand has be'en exposed. Thus, a sand may be 
loose and incoherent, the particles being quite separate, as in dry 
wind-blown sands, such as desert and dune sands. Where a quantity 
of clayey matter is present the sand may bo slightly coherent, 
forming an earthy mass. Where the sand is partially cemented, 
yet still easily recluced to a powder, it inay be termed p'lUveruleni 
or friable according to the coherence of the particles. Where a 
sand has been more completely consolidated into a sandstone or 
sand rock it jnay be termed compact, flinty, shaly, or foliated, 
according to its structure. 

In some cases, the entrance of limonite and other impuriti(‘s 
causes the formation of crusts or hard masses in a sand d(^poHit ; 
these may form a rusty network of “ chunks,” noduh^s, strips, 
or layers which may seriously interfere with the quality and winning 
of the sand. Such concretionary lumps arc; common in some 
calcareous sands. 

The proportion of grains of various sizes is of great importance 
in the use of sands, and a knowledge of the various grad(;s prc'scaii 
and the proportions of each is essential to the ]u-o])eT' usc' of tli(> 
material. In agriculture a knowledge of the coai'scmc'ss of ihc' 
sand grains in the soil is of great value, whilst in the (iltrntiou of 
water through sand-beds the grading of the sand Inis a grcnit 
influence on the capacity of the filter — a mattcu of utmost import- 
ance. In brick-making, foundry practice, glass-making, and nuinv 
other industries a knowledge of the grading of the sand is u(‘C(;ssary. 

The grading of loose detrital particles may be to various 
classifications. Table XXXVI. shows three standards whidi liav(' 
been adopted by different workers. 

These classifications are similar to one another and tluu'c; is 
little to choose between them. In order to save confusion, howc'vcu', 
it is best when exj)ressing the results of a ineelianical anal\’sis 
of a sand to state what standard is adopted for each ))ai’tieulai' 
term, such as “coarse sand,” “fine sand,” etc. ; if this is not 
definitely stated, difficulties may arise. 
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Tabik XXXVI. — Obassimoation of Grains 


Term Applied. 

.Size of Particles in mm. 

Mel lor. 

Boswell. 

Seger. 

Gravel .... 

1-27-12-7 

Over 2 


Very coarse sand . 


1-2 


Coarse sand 

0-107-1 -27 

0-6-1 

Over 0-33 

Medium sand . 


0-26-0-5 


Fine sand * . . . 

0-063-b-107 

0-1-0-25 

0-04-0-33 

Superfine sand 


0-05-0-1 

0-025-0-04 

Silt 

001-’0-063 

0-01-0-05 

0-01-0-026 

“ Clay ” or “ Dust ” t . 

Less than 0-01 

Less than 0-01 

Less than 0-01 


* Mullor iiBGH tliG term “ grit,” wbich implies an angular material, so that “ilnc sand ” 
is proferalilo, espoelally a-s " grit ’* is a clcllnitc geological term witli another signiflcanee. 

t The term ” dust ” suggested by Mcllor Is preferable to Seger’s term “ elay substance ” 
or .Iloswell’s “ clay grade,” as the residue usually contains otlier substances besides clay. 

It is very convenient to have .some .simple mean,s of expressing 
the coarseness or fineness of sands so that different samples can 
be compared readily. Various methods hiive been sugge.sted for 
doing this. An ingenious method siiggi^sted by W. Jackson 
consists in finding a “surface factor” for each sand which serves 
as a basas of comparison. This factor is a single number liased 
on the average surface of the particles, and de))onds on the fiiet 
that the finen- the ])articles the greadn’ the surface of the whole 
unit mass. The average diameter of .such small particles may 
be found for ])artieleH le.ss than 0-33 mm. dianieter by multiplying 
the weight of the fraction whose extreme diameters are 

mill. mm. 

0 to O-OlO liy 3:i()7 
O-OlO to <)-()2.5 „ !)(i2 

()'02,') to ()-(M() „ .7 IS 

0 (MO to O-ddO „ ill 

adding all the ])r()(luc.ts tog(dher and dividing by 100. ddms, if a. 
sand eontiiiiied tlu^ following si/u'd pa.rtiel(>s. 


Tiini. itiin. 


0 

1() ()-()l() . 

•1 -.7 

()-()l() 

l()()-02.7 . 


()-02.7 

lo O-OlO . 

:m) 

()-()40 

to a -330 . 

. S2-2 



lOD-O 


daekson’s ” sui’fiie.e faetoi’” is 1014, which is found as follows; 


d-.d X 1.7 1.7 I -.7 

l()-;?x <)()2 - ODOKd) 
:i-()x Tils : l,7,7-l-() 
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which, divided by 100, gives 1014. A finer sample would give a 
larger surface factor, and a coarser sample would give a smaller 
one. For larger sizes of particles the same principle may be applied, 
though it is not so accurate. Thus, the following factors may 
be used : 



Avcriit?ii 

Diamet/dr. 

Padtnr. 

Passing through a No. 30 sieve 

0-4 mm. 

45 

,» „ 25 ,, 

. 0-5 „ 

3(5 

„ „ 12 „ 

. . TO „ 

23 

>} » 5 ,, 

. 2-5 „ 

9 

a washed sand consisting of 



Partiolos. 

I’lir Owit. 


TO — 2 -5 mm. 

. 10 


0-6— TO „ 

, 82 


0.4— 0-5 „ 

8 



100 


will give 

10 X 0 = !)() 

82 X 23 = 188(5 
8x3(5= 288 

22(54: 


and would have a surface factor of only 22-6. 

In English measure, the factors arc as shown in Tablci XXXVIL 


Table XXXVIL — Su-reacio b^ACToRs * 



Sidvti. 


IdiinuO.nr of I’lul.icli'.s. 

Nidiim. 

i'';u'l.nr. 

A 

On Siiive No. 1 


.•Vbovi! O-.^i in. 

SI-nni'H 

Nii. 

11 

liutweuii Siovoa I^oa. land 10 . 

„ ()■().') in. 

( iravnl 


0 

.. Id . 

.'■>() . 

,, O-OI -O-or, in. 

( 'niu'Mc sniiil 

2-(i 

1) 

.. Wl . 

( 00 . 

„ o-ooi') -o-oi in. 

i\i(i(iiuni snnil 

i:!-2 

li 

.. ICO „ 

200 . 

,, ()•()l)2,')-l)•0().■) in. 

idnn Hunii 


V 

,, ^110 „ 

wash! HR 

,, 0•l)(l()■!-0•0()2.'■, in. 

Siii 


0 

Wa.slu'd (lid. by ii sfcreiiiii 
per nuniiti! 

0-J3 in. 

Ilclnw ()-0(K).| ill. 

ciiiy iiiKi (liisi 

nr)'.) -11 


* Till! Hievcis in tills tiililn am ataiidard aiiivcs in wliicli th(i (lliiiiH'tiT iil' llic wii'cs rxaclly 
iMluids that of tlui aix'.rtiii’i'S. 


If the weight of each fraction be repri'scuted by ilu> l(‘tt(M',s in 
the first column in the above table, the suthiee factor is 

0-27B -t-2-Of! + 13-2D + 22-()E i-ffihOF h- IlfiSKh 

The figures in Table XXXVITr. show tlu‘ surfav(> fantor of 
several well-known sands in actiorchince with the factors in Table 

XXXVII. 
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Tablm XXXVIIT. — SuBirAOB Fagtobs of Moulding Sands 


Saiul. 

A. 

H. 

0. 

I). 

E. 


0. 

Surface 

4’aator. 

Modiiau Erith 


o-o:i 

11!) 

o-:j4 

42-7-1 

28-52 

27-17 

12,205 

Tine Mansfield . 



1-60 

.2-!)2 

4t)-()3 

31-73 

22-21 

10,057 

Coarse Mansfield 

0-01 

0-74 


18-42 

07-17 

6-49 

3-81 

3,497 

Stourbridge 


0-22 

5 -.‘Hi 

18-93 

54-70 

14-04 

0-08 

4,472 


This iiKitliod is generally accurate enough for most j^urposes, 
but Mellor has shown that the arithmetical mean of the limiting 
diameters is not the true average diameter of the fractions and that 
a truer value is 

Average diameter = 


4 


where D is the maximum diameter and <1 is the minimum diameter 
in any given fraction. 

He has also suggested that th(^ surface factor should b(i calenlated 
from the formula 


() 

S 


/W, w, 

V d, r/, (Q 


wh(M'(^ S (kmotc's tlu^ nuum sj)ecilic gi-avity of tlui ])owd(‘r, 
VV^, W^, W;,, . . . tli(‘ res[)(Md,i v(! weights of tlu^ fractions, I, 2, 3, . . . 
per unit weight of powd(M- (commeiichig at tlu^ liiu'st), ami 
r/,, f/.„ f/.,, . . . tile coi'i'iisponding avm-age dia-iiu‘tei-s of tlu^ grains 
in the respectivi^ fractions. 

A iiudhod ailojited 1)_\' the Amei’ican Koiindrvnieii’s .Associa-tion 
for ('.\pi'(issing th(i r('la.tive finene.ss of sands consists in multiplying 
tlui weight of sand passing Ihroiigh ('ach nu'sh and bc'ing retai'iu'd 
by the lucxt smaller mesh, liy tlu' number of tlu' mesh, ami dividing 
th(' sum of ilu'sc products hy 100. Thus, supposi' a sand consists of 


Ovan- 20-nic.sli 


2-H 

2l)-lU 


. 10-0 

<IO-()0 


. 27-2 

0()-S() 


!)•() 

HU- 100 


-!-K 

Lc.s.s ( iuui I OO-inesh 


. 15-0 



loo-o 


the calculations would be as follows: 
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2-8 X 0 . 


40-0 X 20 . 

800 

27-2 X 40 . 

. 1088 

9-6x 60 , 

676 

4-8 X 80 . 

384 

16-6x100 . 

. 1660 


4408 


whicli, divided by 100, gives 44-08. This method is quit(^ simple 
and is satisfactory for most purposes, for, though the (igurc'.s 
obtained do not agree with those of other methods, they an^ (som- 
parable among themselves. 

M 



Another method of representing the meeJianieal composition 
of sands, proposed by M. Feret,^ is shown in Fig. 10. M. Ih'r(‘t 
separates the sand to be tested into throe grachvs as follows : 


Oriulc. 

Largo (G) passing tlirough 5 
retained by 2 

Medium (M) passing through 2 
retained by ()-5 

Fine (F) passing through 0-.5 


l>rHi'ri|)(,ii)n 

mm. (0-2 in.) hoha.s or approxiniah'ly h-inosli. 
„ (()-()7!) in.) ,, ,, Ih-nu'sh. 

,, (0-()7!) in.) ,, ,, Ifi-mnsli. 

,, {0-020 in.) ,, ,, ‘■Ki-inosh. 

„ (0-020 in.) „ „ 4(i.m(wli. 


He calculated the percentage of each sand as a propoi-tion of I 
and plotted the composition of the sand on a triangular diagram 
as shown in Fig. 10. 


• ^ M. Feret, Annalcs des Fonts el Chaussdes, 1890. 
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In this triangle a series of lines is drawn parallel to each side, 
and each side may be used in turn to indicate the proportion of 
particles of each grade. Thus, a sand composed of 

48 per cont of coarse grains (grade G) 

36 ,, medium grains (grade M) 

17 ,, fine grains (grade F) 

would bo represented by the point A (Eig. 10). The point <7 is 
taken to represent a sand composed wholly of grade G, so that, 
starting with the line FM as a base and proceeding towards G, the 
point representing 48 per cent of grade G must lie somewhere 
between the line 0 -4 G . and 0 -G E. and the line 0-5 G. -0 -5 E. Similarly, 



II. — •lloHvvoir.s grading gra])h. 


tli(^ point i'('pi‘('.s('ntino' 3r> piu' (!(ait of gi'adt' IM must bo l)otvv(U'n 
tlu' liiK' ()•() G.-0-4 M. and tlio- lino 0-7 G.-O-G M.; and tlio point r(‘pr(^- 
Honting 17 ])(M’ (H^nt of grade*. E nin.st liee botwoc'U tlu* linos ()• I h.-O-OM. 
and ()-2 E.-O-SlVl. Tho single point A vvhioh fullils all thosc^ con- 
ditions ropi’(\sont.s tlu' grannloinotrio (;()nip()sition of tho sand. 

A V(a'v oonvonic'iit naddiod by nu*ans of whicdi th(^ coarseness 
or liiK'tioss of dilToront sands (!an b(' (u)nipa,r('d is that adopted 
by Boswell, in which tlu' limits of gi-adi*. si/a^ ai'(^ mark('(l off in a 
gi'aph hori/.onta,lly as absci.ssac^ (|)r())) 0 ]'tionally to tlui logaritlims 
of the diaaiK'toi's of tln^ particles), and tln^ “ o.umiilativ(i ])oroontago 
wcughts ” of tho gi'ados vertically as ordinates. By this method 
graphs ar('. ol)tain(Ml similar to those showm in Eig. 11. A sand 
in which all tlui grains are of uniform size would bo represented 
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by a vertical line, such as AB, in which all the particles an*. 2-0 inm. 
diameter, OD would represent a sand with particles all ()-25 mm. 
diameter,- BF a silt having all the grains 0-045 mm. diameter, 
and OH a “ clay” with all the grains 0-005 mm. diameter. &!uch 
compositions are not found in nature, but their typical i)()sitions 
are shown. The curve TU represents a sand, from Kynancc! (,!ov(^ 
Cornwall, in which the grain size is very uniform, but not cmtirely 
so. The curve WX is a loam or a mixture of sand and chiy, and 
is, consequently, much flatter, whilst the glacial clay YZ is even 
more so. A comparison of curves of sands produced in this way 
readily shows their general characteristics in a very convenient 
manner. ' 

■fuller plots the mechanical analyses of sands on a grai)h in 





whicli the percentages of ])ai-tic]es are marked on llu' abscissae and 
the sizes of tin; gi'ains in in(h<\s on tlu' ordina.tes. Ib^ found lhat 
the graph of a ]X'rfectly graded sand was in tlie form of a, parabola 
constructed according to the forimda 

^ JO, 000’ 

where D is the largest diameter of ])arti(d('s, d is any giv('n 
diameter, and P is the percentage of the mixtures sinalk'i- limn d. 
Fig. 12 shows the graphs of three sands ])lotted in, this inaimer, 
including a perfectly gi’aded mixture. 

In most sands, the particles of heavy minerals ai'e smalh-r t.lmn 
the average quartz and felspar grains, as the spec'd of tlu' wind 
or water required to move a quartz grain of a certain siz(‘ will not 
move a heavy mineral grain of the same size. Consequently, sands 
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and similar deposits contain a larger proportion of heavy minej^cti 
grains among the finer grades of sand. In the dune sand of the 
Balgownie Links, near Aberdeen, Boswell found that practically 
the whole of the heavy minerals are contained in the fine sand, 
these heavy mineral grains varying from 0-1 mm. to 0-25 mm., 
whilst the size of the quartz grains is from 0-25 mm. to 1 mm. 
According to Gilligan, almost the whole of the heavy minerals 
in the Millstone Grit will pass through a 90-mcsh sieve. 

The mica grains present in sands are usually much larger than 
the average size of the heavy minerals present, on account of their 
flaky nature which enables larger fragments to be carried b}^ wind 
or water than would be the case if the grains were more compact, 
as are those of the heavy minerals present. The mass of the mica 
grains is, however, gfmerally less than that of the more compact 
luinerals. 

Table XXXIX., due to Boswell, shows the size of the mica 
grains in various sands compared with the size of the heavy minerals 
|;)rescnt. 

Tatu.h XXXIX. — Sizes of Mica and Hi'IAvy Minkkad CIrains 



Miiscovil.c, 

eaiu'r lli'avy 
Minerals. 


Mill. 

Min. 

Mutil.or l’(il)l)l(» Ited 

o-.o 

()'25 

\’(H)vil SiUlds 

0'2.'") 

()•()() 

Lowc'i' ( b'CM'iiHiUid 

O-tiO 

()-2r) 

^I’luuuU. iSaiid 

O-IT) 

O'O-I 

( 'la^vgule' Heals 

0-15 

O-Of) 

Coiy Heixslonees . 

()•.').') 

0-20 

Leaihaiu He'ds 

0-10 

U'20 


Th(' r('hitiv(^ fiiu'.ness of ih(> various sands iisi'd in tliis countiy 
has not been in vestigatial to any great e.\tent and then' is eoin- 
|)a-ra,ti vely little* information availalih*. iSonu* of thee best invest. iga- 
i.ions which liavi' bec'ii eai'ried out as v('t ha,\’(* Ix'cn made hv 
W G. II. Ih )sw('ll, with a, view to de'l.ermiidng the use* of sands for 
glass-making and ot.lu'f pui'poses. 

hni'l.her informat.ioii as t.o tlie gra.(ling of partienlai' sands will 
1)(* found in lal.ei' eha.pt.ers. 

The shape of IIk* grains in a sa.nd may va.i'y from shai p angnla.i' 
forms which have not. been a,bra.de(l to any great ('Xtent., to highly 
a.brad('d and fully roumh'd grain.s. Borby has classilii'd sands into 
t.lu* following grades with refierenee to t.lue shapes of tlu^ grains 
prese'ut : 

1. hi'('sh angukir grains derived fi*om the* breaking up of gra,nitic 
or sehistosi*. rocks (hfig. 13) and tliie slightly less angular 
fragments often known as “ sub-angular ” grains (Fig. 14). 
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2. Well-worn sand in rounded grains, the original angles being 

completely lost (Fig. 15). 

3. Sand having the grains chemically corroded so as to produce 

a peculiar texture, diferent from that of worn grains of 
crystals. 

4. Sand with a perfect crystalline outline (Fig. 16). 


Fig. 13. — Angular grains. 




Fig. 14. — Sub-angular graiins, 


Sands which have been produced by the simple disintegration 
of rocks in situ, or which have not been moved to any great extent, 
generally consist of sharp angular grains if the rock from vvhieh 




they have been formed con.si,st.s of such grains cenumt(Hl togchlun-. 
If the rock from which they have b.oen formed consists of roundml 
grains, the sand will likewise consist of rounded grains, but sand 
produced by the disintegration of igneous and motamorphic rocks 
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usually consist of sharp angular grains. Glacial sands are usually 
quite sharp and angular. This is due to the fact that the abrasion 
to which they are subjected is more in the nature of sliding than 
rolling, so that their angular outlines tend to be preserved. 

Sands which are subjected to continual attrition by transporta- 
tion from place to place gradually lose their angular forms, the 
corners becoming worn and forming sub-angular, or even round 
grains. The extent to which the grains are rounded is a good 
indication of the extent to which they have been subjected to 
abrasion. 

Sometimes grains of sand may be rounded to some extent, and 
then cemented into a solid stone by the infiltration of a cementing 
medium such as lime, iron compounds, etc., the stone being after- 
wards broken up, and the resulting gi’ains again subjected to 
abrasion, thus causing further rounding. Hence, the rounding 
of the grains may continue through various geological periods 
until the angularity is entirely lost. The sand found in some 
pot-holes, where it has been continually abraded for a very long 
period of time without being able to escape, is very much rounded 
in this way. 

Some minerals, oven after prolongtvl abrasion, do not acquire 
rounded outlines. Thus, mica splits into thin laminae or flakes, 
but never forms round(Hl grains. Other minerals have definite 
eleavagc i)laues and tend to break into paithh's of smallei- size, 
but always I’c'taining an anguhir form, ('ak^spai’ is a ty])ieal 
exainpl(! of this. Organic shcdl-rcunains, (wem after long-continued 
attrition, also r(dain theii- angulai’ ontlitu's. 

Some accessory mim^rals are ” iiiclmhal ” in (piartz grains 
dui'ing |)a,rt of tluur jourrmy, ancl ai’('. protected by the surrounding 
(piartz and so are less rounded than similar grains which hav(‘ beem 
ex|)os(Ml for the sajue tinu^ to abrading a.(;tions. 

The (h'grcHi of I'ounding which sand gi'ains iiiuhM'go depimds 
on the following conditions : (a) the: volunu' of th(' partich' ; [h) its 
specilic gravity, SO ; (c) th<! distama^ l.ravi'llcd, 1); {d) tlu' vt'locsty 
of movement, V; and (c) its hardness. Tlumnuount of I'ounding 
l)y wind auction may he caJmdated 1)\’ tlu‘ following formula: 

., Volume X SG > 1 ) x V 
Hardness 

and l.hal. for watei' action by th(‘. following; 

\’ohime X (SG -- 1 ) x (/ x r 
llardtu'ss 

Th(‘. most rapid eaus(^ of tlu' rounding of sa,nd grains is when tlmy 
ari^ (uirihal by wind, as in the formation of (h'siat sands. ^ Tlu^ 
pa/i'tie.h'S composing siuh samls ar(^ (continually' coming into violent 
contact with ('ach other, ami with otluu' rocks, and are rajiidly 
I’ounded, forming a characteristii; type tmamul “ millet s(cd ’ sand 
on account of tlu' [lerfcct rounding of tlu> grains. 
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Some of the Bunter sands of LancashiT-e and Cheshire flow 
through the fingers like shot. These sands have probably been 
formed on a Triassio desert. 

The grains of dune sands along the sea coasts are not so rounded 
as desert sands, as, although they have been accumulated by the 
action of the wind, the abrasion has not been sufficiently prolonged 
to cause very much rounding of the particles, The dilfercuice 
between the roundness of the grains of sand formed in water and in 
aeolian deposits is well shown in Table XL., by Dr. Mackie. 

Table XL. — Roundino ob’ (hiArNS 




J\!i'e(!utago of (train, 4, 



Angular. 

Sub-angular. 

Roinulod. 


River sand from crystallino 





rocks. River Spey 

Nearly all 

Few 


Water ^ 

Beuth sand near mouth of Spey 
(Lossiemouth) 

.‘15 

42 

22 


Garnetiferons black .siiore sand 





(Macduff) .... 

48’“ 

2:? 

20 

Desert 

air 

Dune sands (Cublin) 
Reptiliferous sandstone, Tri- 

20 

20 

no 

assic 

f) 

li) 

70 


* Duo to the presenuo of (-'arnut. 


The relation between the amount of r-ounding sustaiiuul by wat('r 
and air action may be exju’essed by the formula 

SCxDxV 
r (SG - 1 ) X d X V 

where R equals rounding by wind action, r (upial.s I'ouiuling by 
water action, SG equals .specific gravity of mabo-ial, I) ('(piafs 
distance travelled in air, V e([uals velocity in air, v (xpials v('locitv 
in water, <1 equals distance travelled in wads'. 

The apparent ,s]ieci(i(i gravity of a ])ai'tiel(‘ in air is always gr(‘at(‘r 
than that in water, and the velocity of movenumt is also much 
higher. The distance travelled by tlu; grains is van'y dillicult io 
estimate, as in air they may bo carried for great distanct's, whilst 
in water the cumulative eifect of many rollings ba(!kv\mrds and 
f{)rwards, or of shoi't swirls, may exceed tlui eifect of a grea,t distam-e 
travelled hy wind-blown grains. The smalhvst grains of sand 
formed in rivers and seas are much less roumh'd than tlu^ la.rg(‘r 
ones, as the former are more buoyant and ai'c lield long(ir in suspem- 
,sion, so that they are not ex[)osed to the same' amount of atti'ition 
as the heavier grains which remain at the bottom. Another reason 
for the less rounding cjf small grains of sand, (vspocaally when tiu'y 
are in water, is that a film of water protects each grain from imj)aet. 
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In air the size at which no further rounding takes place is far 
smaller than in water, though its actual limits are not definitely 
known. According to Holmes, the smallest rounded aeolian 
particles are between 0-03 and 0-04 mm. in diameter, whilst the 
smallest water-worn particle recorded is 0-5 mm. 

The rounding of grains of other minerals may also depend on 
the frequency with which they come into contact with grains as 
hard as, or harder than, themselves. If such occurrences are 
infrequent, the gi’aina tend to remain angular. 

The extent of rounding of the grains varies also according to 
the nature of the material composing the grain. They may bo 
angular as a result of their hardness, or because they have not been 
weathered to any great extent, or they may be of aeolian origin. 
On the other hand, they may bo rounded to a greater or less extent 
as a result of water action or on account of their softness. 

The shapes and sizes of grains in a sand are very important 
for some ])urposes, and whilst grains of certain sizes may be very 
desirable in some industries, they may be cpiite unsuitable in others. 
Thus, for building purposes, a clean sharj) sand vvitli grains of many 
sizes is desirable, rounded grains being of little value, but for glass- 
making a uniform round-grained sand is most valuable. The 
particular characteristics of sands for sp(uial purposes are described 
in Vol. It. under the various industries foi‘ which they arc^ used. 

Specific Gravity. — The specili(? gravity of a sand is the average 
W(u'ght of its j)arti(h>s considered separately, I'clative to that of iin 
('.(pial volunu^ of wat('.r. '’I''he us(i of the t('rm specific! gravity ” 
is n!stri(!t('(l to that of thc! gi'ains tlumisclvcw and does not take 
into a.ccount tlu! air-spacc's bcd'.wc'cn thec particle's. A figure whic!h 
r('la.t('S to a nuiss of saaid and includc's thee air-spacc's is t(!rmed 
th(! “ apparc'iit s[)('(!ific gravity ” oi' volunu'-wc'ight.” 

d'lu! sp(!cifi(! gi'avity of a. j)ure cpiartzosc! sand is cicpial to that 
of cpuirtz, luum^ly 2 -(if), but the; pi’es(!ncc' of othc'i' minei'als may 
clumgc! this to a grc'aic'i' or leiss c'xtcmt, accoi'ding to the' a-inount 
of impurity presc'iit and tlu' spc'ciiic! gra,viii('s of ihc' \’a,rioiis con- 
sf.itiK'iif.s. Usually, the' sp(!cific‘ gravity of ordimiry sands is hc'twc'C!!! 
d-f) a-nd 2-7. 

iSili('('()us saaids contauiing silica in forms oihei' than cpiariz 
may have! a less specific gravil;\’, as shown bc'low ; 


S|n'i'ilir (IraviC.v . 

Quail'/, siuh! . . 2-(ir)l 

( (I'V'scrilc . 2 •(!;') I 

. . . . 

( 'linl('(‘(l(my . ■ ■ 2'()()7 


Density is a, l,crni which is often iisc'd vc'ry ioosc'ly in eonnc'eiion 
evitfi sand. iSf,riel,ly spc'aking, it rc'lates to tiie specific gravity of 
f,he particles forming Uie mass, but it is occasionally used to indicate 
impi'i'im'aliilify, a, sa.mpic of sand Ix'ing, in this sc'iisc, saJd to ho 
dense l)('caus(' air or wak'r will not jx^nobrate easily into it. 
Occasionally, tiu' term density is used as distinct from spccilic 
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gravity to indicate the relative weight of the whole mass, and not 
that of each particle considered separately, or the average of all 
such particles. In this sense, the density changes with the treat- 
ment undergone by the sand, whilst the specihc gravity remains 
constant. It is far better in such cases to employ tlie term volume- 
weight, as, although this is more cumliersome, it indicates more 
clearly the meaning of the figure, i.e. the weight of a mass of 
ascertained volume, that of an equal volume of water being taken 
as unity. The volume-weight of sands is usually about 1 -1), but 
varies according to the sizes of the particles and the extent to which 
the mass has been compressed. 

Weight. — The weight per cubic foot of sand varies according 
to the nature of the minerals it contains, the size and shape of the 
particles, and the pressure, if any, to which the mass lias boon 
subjected. On an average, 1 cubic foot of loosely heaped sand 
will weigh 1201b., but this figure is of general rather- than particadar 
application. For example, the following figures wcrc^ obtained 
with typical sands from three different sources : 

River sand . . . 118 lb. por cn. ft. 

Pit sand .... 102 ,, ., 

Thames sand . . . 1011 ,, ,, 

Sand containing moisture ■ has a smaller weight jrer cubic foot 
than dry sand, as each grain of sand coated with a thin film of 
water has a slightly greater volume than that of the dry grains. 
This decrease in weight is specially noticeable in the case of (in(>. 
sand, as it has a greater capacity for receiving films of watm- on 
account of the greater surface ai-ca of the grains rdaiivr^ to thdr 
mass. As the size of the gi'ains increases, the dilTorcnc(^ in wdght 
is less and less marked, until with particles of gravel in. or morc^ 
in diameter the effect is jiractically nil. 

Very wet sand may weigh more than the same volume' of ihe^ 
same sand when only slightly moisieneid, as Ihe' e^xce'ss of waleu- 
will occupy the interstiens betweam the ])article's wliide would 
otherwise he filkvl with air. This may e'a.sily Ix' shown by we'ighing 
a box filled with dry sand, and then ])()nring in as imuli waf-eu' a.M 
the sand will absorb without any ap])rt'elal)le inci-case^ in voluimp 
and them revwcighing it. On allowing seie-li a w('t mass l-o drain, 
the cxcioss of water will run away, leaving a moist mass which luis 
a slightly loss weight pc'r (;ul)ic foot than the^ same sand wIk'U 
dry. The effect of wate'r in imue'asing the volume of a, sa,n(l and, 
consequently, ()f decreaising its volume^-weight has hcem inve^stigateal 
by Fedler, who found that the juaxinnim volume is allaiiu'd with 
about 6 ])er cent of moisturev 

Porosity. — The term jvjrosity ” is some'timcs cionfuse'd wit h 
permeability, but this should he avoided, and the teriti ])orosity 
confined to the proportion of •i)or('s, voids, oi- iuterstieH's in a mass 
of sand. These pemes are the spaces (usually filled with air) beiwe'e'ii 
the solid particles, the porosity of a sand va,rying with the size' and 


POROSITY OP SANDS 


223 


shape of the jjarticles of which it is composed. Sands with the 
greatest porosity are those composed of moderately large and 
wholly rounded grains, as sharp and angular particles interlock 
and so give less pore-space than those which have rounded outlines. 
Sands composed of particles of several different sizes will be less 
porous than those containing only one size, as the smaller particles 
occupy some of the spaces between the larger ones which would 
otherwise be empty. 

The porosity of a sand will also vary according to the extent 
to which it has been compressed, and the lower portion of a heap, 
or deep bod of sand, will be less porous than the upper portion on 
account of the pressure being greater at a greater depth. Hence, 
a sample of sand as received at a laboratory is not a reliable guide 
as to its porosity, either in the original deposit or in actual use. 
Porosity may bo expressed in either of two ways : 

(a) As a percentage by weight, which is an indirect and somewhat 
misleading expression, as it really indicates the weight of water 
absorbed by one hundred units of weight of sand. Thus, a sand 
is said to have a porosity of 37*7 per cent by weight, if 100 lb. of 
the sand absorb 37-7 lb. of water. 

{b) As a Y’crcentage by volume, which is a nmch more rational 
expression, as it indicates tlu*. relation of the volume of the pores to 
the volume of the whole mass. Thus, a sand having a ])orosity of 50 
])er cent by volume contains equal measure's of air-s‘i)aces and sand. 

Tlie relation of the •|)ore(‘ntag(^ by weiglit to that by volunui 
may be found by the following formula : 


100 P,. 

(100-lh,)H’ 


vdu're P.„, ('(juals tlu' porosity ])er camt by wc'iglit, c'quals tlu' 
])orosity ])('r cauit by volume, and S ('(pials tlu^ s])('ei(i(i gravity 
of thee sand. 


This is furtlidi' sliown by iJio following ('.vninplo : 

A sand lui.viiig a poi'osil y of HO pi'r (•.onl. by voliuno conlains 
no ('..( 1 . of !iif, 

no c.c. of s()li<l sand. 

Now no ('.(•. of ail' would b(! o('('upi(al by no g. of waloi'. 

no ('.o, of solid .sa.iid would Ix^ occupied by no - l,'!2’n g. ol sand, 

bid a, sample of sand weighing l.‘12-n g. and absorbing nO g. ot wab r in ils 
por('s wonld lni\'(' a, poi'osily by w('iglil. ot 

no ■ loo : i:i2-n Wl-l {aa- ceid by weigid. 

In oMu'r words, if l\, no and S 2din, 

100 - no 


(100 - nb) 2 -on 


:57 


VVIh'd estimating the porosity of a sa,ml, as lai’ge' a. sa.m])l(^ as 
l)()ssibl(' should be^ us('d, and [)ri()r to t(%sting it should be rammed, 
eompn'ssed, or otluu’wise' tn'ated so as to bring it as nearly as 
possibles to the eondilion in whuih it will be used ; otherwise serious 
discrepancies imi}' occur. 
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Permeability is the facility with which gases and liquids ])ass 
through a material. The permeability of sands to liquids and 
gases is an important property where sands are used for filters, 
moulding, etc. It depends chiefly on the size and shape of the 
particles and on the amount of clayey matter present. The moat 
permeable sands are those with rounded grains of uniform and 
moderately large size, and with the smallest possible percentage 
of clay. The presence of angular particles, small grains, or clay 
reduces the permeability roughly in proportion to tlu'. amount 
present. 

Magnetic Properties. — The magnetic pro])ertios of aands cUqxmd 
very largely on the nature of the constituent grains. A pui'o 
quartzose sand is non-magnctic, as the constituent grains of (juartz 
are not attracted by a magnet. (Some of the impurities in sands 
are, however, magnetic to varying extents. Table XLI. shows tlu^ 
relative magnetic powers of some of the princix^al minerals found in 
sands. 

Table XLI. — Maonutic Ptiopmutibh of MinicitAr.s 


Highly Magnetic,. 

Moderately 

Magnetic. 

Eecbly 

Magnotie. 

Alino.st Non-magneUc. 

Magnetite. 

Titanoferrito. 

Ilmenite. 

Pyrrhotite. 

Haematite. 

Plypersthene. 

Aiigite. 

Garnet. 

Siclerite. 

Olivine. 

Hornblonclo. 

Chromite. 

Chlorite. 

Stanrolito. 

Epidote. 

Limonito. 

Actinolite. 

Kyanito. 

Zircon. Paryto.s. 

Gomnduin. Most iron-lVc'c 
Galona. minerals, 

l^diiorito. 

L’yi'ito. 

Cassitorito. 

Riitilo. 


Electrical Conductivity. — The conductivity of sands for (>l('(b-ricily 
varies according to the nature of the constitmaits pn\s('nt (see 
Table XLIL). 

Ta 131.10 X LI I. r]LIOCTRICA L ( 1) 1 ICTl VIT V 


Hood Coiulucloi'hi. 

Moderate Coiului'tors. 

Had l'( 

iidiictorn, 

Magnetite. 

Ferrifoi’ou.s am pi dholes 

Hiileril.e. 

Fhlogopi 1 ('. 

Titaniferous rnagnetito. 

and jiyroxoiK's. 

Xenotimi'. 

Museox’ile. 

Magnetic haematite. 

HLotito. 

Fpidoto. 

d'rernol i ( <■. 

Pyrrliotitc. 

Tountialino. 

Olivine. 

.'\|)ati(i'. 

chromite. 

Titanito. 

iStaui'oliti'. 

.Andalii.sih'. 

Ilmenite. 

Riitihn 

( iarnel'. 

Sillimanite. 

ITaematite. 

Anataso. 

Monazdn. 

H'hmrite. 

Wolframite. 

BrookiU,'. 

GvT)HUin. 

1 liamond. 

vSpinel. 

Ferriferous eassilerito. 
Tantalile. 

Iron y)yrit(3s. 

Gold. 

Cassi torite. 

Q,uar(,z. d’opa/.. 

(dialeedony. Hpinel. 
Felspars. KyiUiile. 

('aleit(i. ( !oinindii m. 

Dolomite. (telestdi'. 
(tordierite. Zircon. 
Barytes. 
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The electrical conductivity of some of the constituents of sand 
is of great value in its purification. This property is dealt with 
in greater detail in Chapter IX. 

Viscosity. — The viscosity or resistance to flow of sands is some- 
times very important. It depends on the size and shape of the 
particles. A sand consisting of angular grains will be very viscous, 
as the grains will interlock ; but a ,sand consisting of rounded grains 
will flow easily, as the grains slide over each other quite readily. 
Thus, some of the Bunter sands will flow through the fingers like 
shot on account of the roundness of the particles. The viscosity 
of a sand is also dependent, to some extent, on the amount of clay 
present in it. If there is sufficient plastic clay to coat each particle 
of non-plastic material, the sand may be held together in a fairly 
strong cohesive mass, whereas if the clay were not present the sand 
would be incoherent and less viscous. Sands containing various 
proportions of clayey matter are suitable for different purposes, 
such as. moulding, whilst for other purposes, such as for use as 
building sand, the cohesion of the particles is very undesirable. 

The viscosity of a sand may be strikingly shown by fastening 
a thin piece of cigarette paper over the lower end of a long vertical 
glass tube, into which sand is then poured. The sand will not press 
with sufficient weight on to the papei* to break it ; and even if 
a heavily weighted plunger is applied to the sand the jmper will not 
bo damaged. The viscosity of the sand and the interlocking of the 
grains create so gi-eat a horizontal pressure that the full pressure 
is not a|)])licd to th(^ i)aper. 

Toughness. — Tlui toughness of a sand dejxmds on the proportion 
of (daycy matter presemt, and is an important factor in some in- 
dustries, es]ie(dally in foundry practice. This property is dealt with 
in great('r detail in \d)l. II. Chapter VT. 

Deformability. — The deformability of a sand is the force rec^uired 
f.o elfecit a definite alteration in its shape. This is dependent on 
tlu' (U)liesion of the sand, and on tlu^ pro]>ortion of clay ])resent ; 
it is an im])ortant ]n’o])erty in moulding sands (see Vol. 11. 
(hapt('r \M.). 

Compressive Strength. — Tlie (!oin])re.ssive strength of a sand 
d(‘p('nds on the siz(' and shaj)e of tlu^ [)articles and the amount 
of binding maten-ial ])res(‘nt. Sands with angular grains will havci 
a. gr(^aX('r compn'ssive strcuigtli than those with rounded ones, 
a.s t lu' parlhh's will intmloek and flow less readily. Chiy, if present, 
will bind tlu' pa.rtieles of saiid together, and so increase the com- 
])ressiv(' sl-i'ength to an ('xtent corresponding roughly to the pro- 
()oriion of clay i)r{'sent, Tlu^ (mushing strength is least with wet 
sand, railuu- greater with dry sand, and greatest after the sand 
has b('('n balo'd. Theses increases in strength are due solely to the 
(iorrc'sponding changes in the clay ])rcsent in the sand. 


VOL. I 


Q 
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Refeaotoby Propekties of Sands 

The properties of sands when heated to high temperatures are 
very important for some of the purposes for which sands are used. 

When amorphous silica is heated, it is slowly converted into the 
crystalline form. This conversion is hastened hy jiressurc, or hy 
the presence of fluxes such as so’dium carbonate, fluoride, silicate, 
etc., as well as by sodium tungstate and alkali phosphates. The 
action of heat on crystalline silica (quartz) has the effect of producing 
other allotropic forms ; thus, when quartz is heated to a tcmiperature 
of 200°-275° G. a change occurs and a-quartz is producicd. On 
heating to 575“ C., the a-quartz is converted into /f-quartz. This 
change is accompanied by considerable changes in the pro'])erti(w 
of the quartz, and there is also, accorchng to White, an endothermal 
reaction of 4-3 cal. gr. per gram, /i-quartz crystallises in the 
hexagonal system, and consequently can be discriminated fi-otn 
a-quartz when examined under polarised light. The transformation 
is reversible, and if the quartz is cooled, it is reconverted into tlu^ 
a-state, which is slightly different from the natural quartz. 

If the heating is continued above 575° 0., a furtlu'r (ihangt^ in 
allotropic form occurs and cristobalito or tridymite is ]U’ 0 (huuHl, 
particularly at 1100°-1300° C., though there is a considei'ahhi 
amount of uncertainty as to the conditions undc’ir which thc^sc'. 
two allotropic forms are produced. The rate of conversion dcqxsnls 
largely on the size of the particles, as well as on the tenqiefaiurc! 
and duration of heating, as small grains are converted into t.i'idymite 
and cristobalite much more rapiclly than larger i)arti(!les. ffor th(^ 
same reason, amor])hous silica is more rapidly convc'ricul than 
crystalline quartz, as the minute grains of tlu*' former arc^ mon* 
easily affected by heat. 

Table XLIII.^ shows the s])ecifie gravity of various forms of 
silica after repeated heating. The s])e(ulic gravity is a r('liaJ)l(^ 
test of the amount of conversion, and it will Ix'' sexm that tlu- 
amorphous forms of silica attain a maximum specalic gra-vil y veu’y 
quickly, whilst the cry.stallinc forms inveut much more' slowiv. 

Whilst it is possible to produce tridymite^ and ci'islobalilc^ l)y 
heating quartz or frc‘e silica alone, the achion is very slow ; it is 
hastened by the presence of imjmrities in the sand, so tba,t^ Ihe 
conversion is much more rapid in the pinscmcc' of (luxes than in 
a pure cpiartzose sand. 

Effect of Impurities on Inversion.~Lc Chatclier and B. Bogilch 
have shown that the various non-siliceous materials which incrcxisc 
the rapidity of conversion may be classified as follows : 

(i.) Molten silicates (f.e. fusible sub.stances whicdi at tlu^ tcmqx'ra- 
ture of heating become molten) whicdi dissolve thc' cpuirlz grains 
and cause the silica to recrystallise as tridymite at about, 1200'’ V. 
The same substances, on prolonged heating, dissolve somc^ of the 

^ Rieke and Endell, Silikat-ZoiluchrijL, 19 Kg No. 2. 
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tridymite and cause it to recrystallise at a temperature of 1500° C. 
as cristobalite. 

(ii.) Other natural impurities which may not melt, yet increase 
the rapidity of conversion. 

(iii.) Foreign vapours which diffuse into the grains and so 
increase the rate of conversion. The vapours of some iron com- 
pounds are very active in this direction, as is shown by the action 
of flue-dust upon siliceous materials. 

The action of molten materials in hastening the conversion 
depends to some extent on the viscosity of the hquid. The more 
viscous the molten material the slower is the reaction, whilst, 
conversely, a very fluid liquid increases the velocity of the con- 
version. For this reason, molten calcium silicates, which are 
extremely mobile, greatly increase the speed of conversion ; some- 
times the speed is so great that the quartz is converted directly 
into cristobalite without any tridymite being formed. 

Seaver has found that, under the conditions necessary to 
convert 48-95 per cent of the sihea in silica bricks in the absence 
of lime, no less than 77-35 per cent would be converted if lime 
were present. The relative activity of various impurities in hasten- 
ing the conversion of the silica is given by A. Scott as follows, in 
their order of merit : 

Iron oxide, lime, magnesia, titanic oxide, alumina, sodium and 
potassium silicates, chlorides, and carbonates. 

Sodium tungstate, sodium phosphate, and lithium chloride also 
appear to facilitate the conversion of quartz into tridymite. 

In most cases, though not in all, the ])rosenee of more than 
one oxide renders the conversion more rapid than if only one is 
present. 

Effect of Temperature on Inversion. — Although a Iiigh ttmqxTa- 
ture increases the rapidity with which the conversion takers ])lac(\ 
it is not essential, as, provided the duration of the lu'ating is 
sufficiently long, the whole of the silica may bo c!omi>h'.t(dy (a)nv(n-i(^d 
at the lowest temperature at which the conversion eomnu'iiees. 
Ferguson and Merwin found that the minimum tcm))eraiur(i 
necessary for the conversion of quartz into tridymite is ’870° (k, 
the rate increasing with the temperature. At a temi)erai,ur(^ of 
about 1300° 0. the reaction is fairly ra])id, and at 1410°-! 435° (k 
it attains a maximum rapidity. Rieke and Endell conlirmcd those 
figures, but found that a considerable amount of (ionversion oee.urs 
below 1000° C. ; they could not Knd any delinite t(nn])('.rature 
which could be described as a minimum, owing to the slowness 
of the reaction. 

When tridymite is heated to a temperature of 1470° CJ. or over, 
it tends to be converted into cristobalite. 

The formation of cristobahte is a subject of much controversy. 
At the _ temperature mentioned above, G. N. Fenner states that 
only cristobalite is formed, even when fluxes, which are supposed 
to favour the formation of tridymite, are present. Day and 
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Lacroix have produced cristobalite by heating to a temperature 
of about 1500° C., whilst above this temperature Endell has pro- 
duced cristobalite in the presence of lime, alumina, and iron 
oxides. Minute particles of carbon appear to facilitate the pro- 
duction of cristobalite by acting as nuclei around which the crystals 
form. 

Insley and Klein claim that when silica is heated, cristobalite 
is always produced first, but that after prolonged heating at 
temperatures below 1470° C. tridymite may be formed. Bleininger 
and Ross have found that at 1500° C. about 90 per cent of the 
silica in silica bricks is converted into cristobalite, but Seaver 
found practically no tridymite at 1630° C. 

Table XLIV., due to Seaver, shows the effect of heating coarsely 
ground quartz to a temperature of 1450° 0. for forty hours one 
or more times : 


Table XLIV. — Efeect op Heat on Coarse Silica 


Treatment. 

PeroentaKe of Quartz 
and Calcium Silicate. 

Cristobalite. 

After first firing .... 

50-57 

48 -95 

After second firing 


08-02 


If the quartz is more' finely gi’ound, as in the case of that used 
for the manufacture of silica bricks, a much greater conversion 
takes place, as is shown in Table XLV., due to the same work(U'. 


Table XIjV. — Epkect op Heat on Fine Silica. 


Tniatinent. 

I’ercentaKe of Quartz 
and Cak^iiini Silie.ate. 

Cristobaliti!. 

After first firing .... 

22 -no 

77-;! 5 


After second firing 

1 7 • 1 .2 

S2-S7 


.Afler third firing 

10-02 

SIMIS 



H. Le Chatidier regards codstobalite as metastabli^ at all ti'inpc'ra- 
turi'S Ix'low its fusing jioint, and suggests that it is only formed 
undi'r special conditions, and that it reverts to tridymite wluui 
such conditions ai’c not ])resent. 

Fusibility. — When any of the three foi'ins of silica mentioned 
are heated to a sufficiently high temperatiu’c they are converted 
into amor])hous (fused) silica. If the heating of the silica is 
sufficiently slow, the material may pass through its various alio- 
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tropic forms before fusion, but where the heating is very ra])id, 
fusion may take place direct from the quartz, the formation of 
other allotropic forms not being recognisable. The temperature 
at which silica fuses depends upon the proportion of imi)uriti(is 
present and on the size of the pieces of material. When in a finely 
powdered state and heated slowly, pure quartz fuses at about 
1500° G., pure tridymite at 1670° C., and pure eiistobalite at 
1625° C. 

When fused silica is cooled slowly, it reverts into one or other 
of the allotropic forms of crystalline silica, but if cooled ra|)idly 
it may solidify without reversion. The latter is the more gcmeral 
action, but if the glass is maintained for a long period at a tempera- 
ture above 1000° C. but below its melting ])oint, crystallisation 
takes iDlace and cristobalite may be formed. Several hours’ luiating 
at 1500° G. will effect this change. The reversion to tridymitci 
may also occur if the conditions are suitable. Le Ghatelicu' found 
that, on being maintained for twenty days at a temperature', of about 
800° C., silica reverted to tridymite, whilst Day and Whephei'd and 
Brun have also found that in the presence of a “ mineral isc'r ” 
the reversion was effected fairly easily at temperatures b(d-,w(H'n 
800° and 1500° C., thus confirming Fenner’s statement that silicia 
is converted to tridymite between 800° C. and 1470° G. 

Fused silica will not revert to quartz by simple cooling, but in 
the presence of a “ mineraliser ” a prolonged heating at a hmipc'ra- 
ture between 300° C. and 750° G. will effect the change^ ; tlu^ 
temperature must not rise above 800° G. 

Table XLVI., due to Fenner, shows the changes which silica 
undergoes when heated and cooled : 


Tablk XLVJ.— -Inviorsion ok iSu.ica 


Tcinipcriiturc. 

I’rodurt. 

On heatinfi; to about 200° C. 

«-quart/. (hexagonal (.cti'a-toluHlric). 

„ „ 57.^)° 0. 

p-quari« (hexagonal IxnnilK'dric). 

„ „ 870° 0. 

/4-tridyTni(.<i (liex agonal). 

„ „ 1470° 0. 

On cooling, the same products arc? 
formed in the reverse order 
down to 270° C., after which : 

P-eri.stol)alitc (lioxugotial). 

From 270° C. to 180° 0. . 

ifl-oristobalito ehangcw to u-crisi olialil c. 

„ 120° C. to 11.')° (J. . 

/:i-tridymito changt's l.o u-tridyindc, 
and them very slowly inlo ({uai'lz. 


The fusibility of a sand depends on the amount of silica, and 
other materials present. Thus, whilst a quartzose sand nudts 
at a temperature between 1500° and 1670° G., a sand c.ontaining 
a large proportion of mica or felspar will melt at a very much low(U' 
temperature. Table XLVII. shows the refractoriness of tlui 
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principal minerals likely to occur in, sand, so that their effect may 
be roughly estimated according to the amount present : 


Tabi,k XL VII. — Fusibility oit Vabious Minekals 



"ei. 

Albite 

1135-]215 

Anoi'thifco . 

12C0-1350 

.eVptitito 

1270-1300 

Augite .... 

1145-1150 

B aryl, os 

1500 

Boryl .... 

1410-1430 

Ca,lcile> 

2570 

Oluilceeelony 

1500 

Ohromito 

1850 

Coruncluin . 

1750-1800 

l^iarneind 

Infus. 

Enstatito 

1380-1400 

Epidotre 

1250 

Elirit .... 

1470 

Ehiorapar . 

1378 

(Jarnot 

1150 

(lyp.seftn 

1300 



“C. 

Haematite . 

1350-1400 

Hornblende . 

1180-1220 

Kaolinite 

1740 

Labradorite . 

1245-1250 

Lepidolite 

925-946 

Magnetite 

1190-1250 

Muscovite 

1256-1290 

Nepheline 

1180-1210 

Olivine .... 

1380-1410 

Orthoclase 

1100 

Quartz .... 

1500- 

RuLile .... 

1500 

Billimanite . 

1810 

iSpinol .... 

1300 

Titauite 

1200-1230 

0‘'ejeiruudine3 . 

1000-1100 

Zii'con .... 

1900 


Owing to its c()in[)osit(' natui’e and the low thennal conductivity 
of tlu' inat(U'ial, most sand does not nudt at a ckdinitc teinpm'aturo 
as would a |)ure clKiinic'al eoinj)ound, but passers through a softening 
stag(^ which may nioix^ or less ])i'olonged accoi'ding to the size 
of the particles and tlu^ natui’e of the materials present. This 
softening siagt' is tlu^ period int(U-vening betw(H'n th(' time when 
the most fusihki constituents Ix'gin to nudt and the time when 
ilu' whole mass Ixmomes thud, and it is inercsistal with large', partiedes, 
as tlu'V r(‘(|uii'e a longei' tiinci for tlu' luxit to penetrate' tlu'in than 
is neexled for smadler partie'le'S. 

Th('. softc'ning stages is also iuci'e'a..s('el by the', time' reupni'e'el for 
thee inveei'sie)!! e)t epuu'tz inte) eme' eer meen' e)f the' e)the'r alleeti'eepic 
fe)rms e)f silieea, whie'h a.i'e' Ibrnu'el wlu'n it is he'ate'el. 

Thee te'inpe'raturee eliire're'iU'C's at whie'h Idieese' mime're)us e-hange's 
eee'eeur vai'y with e'ae'h sanel ; thus, a sanel rie'h in magne'sium e'e)m- 
peeunels has a, le)nge'r seefte'ning range than onee e'e)ntaining an 
e'epnvide'iit pi'eepeu'tieai e)f lime'. lA'lspai' l)e'gins tee sheew signs e)f 
fusieen at eiheeut 1 190" ('., but is neet e'eempk'teely fiise'el be'kew 1300'^ (I., 
theeugh if eetlu'!' impuritie's, sue-h as lime' eee)m])e)unels, iii'ee alse) preesent, 
eeeempk'tee fusie)n may eeeee'ur at fi teemperatui'e' e)f eeidy aheeut 1200“ C. 
Limee akenee is almeest infusiblee, hut wheen |)i'e',seent in sanel it fe)rms 
fusibke eee)mpe)uuels, se)nue e)f whieeh melt at a elull-reel hciit. 

In eeeensieleering thee abe)ve table e)f fusibilities, it must be 
eekearly unek'rste)e)el that althe)ugh a single tem])erature may be 
given foi' a eomjknind likely to occur in sands, this is necessarily 
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only approximate, for the reason just given, and a fusion range 
■would be more accurate than a single fusion point. In some cases, 
fusion may commence at a temperature of only 500° C., but may 
not be completed until 1200° C. is reached. 

When an impure sand is heated, a reaction commenceKS between 
the sand or siliceous matter and the alkalies, a' fusible silicate 
being formed ; the lime next enters into combination and is 
rapidly followed by the iron. The finer particles of fusible 
minerals fuse next, and as the volume of fluid increases with the 
rise in temperature the fluid attacks the larger particles of fusible 
material, then the coarser particles of quartz, .felspar, etc., until 
only the largest particles of the most heat-resisting materials are 
left. These are only fused on prolonged heating at a sufficiently 
high temperature. 

The action of various impurities on the refractoriness of silica 
has been described in Chapter IV. It may be summarised by 
stating that most of the impurities likely to occur in sands lower 
the refractoriness to an extent which depends on the nature of 
the impurity. In large proportions, some minerals such as alumina 
may increase the refractoriness, but they are seldom present in 
sufficient quantity to do this, so that it is a fairly safe rule that the 
most refractory sands are those which consist of pure quartz, 
and that the presence of any substance other than ci’ystallint^ 
silica tends to lower the refractoriness of the sand. AccoT’ding 
to Richter and Bischof the proportions of various fluxes which 
effect an equal reduction of the refractoriness are as follows : 

Magnesia 20, lime 28, p)otash 47, soda 31, and j-ed iron oxid(^ 40. 

It will be seen that, weight for weight, magnesia is tlu^ most 
active of these materials, and’ iron oxide has the kuist (dfiufl-, unless 
it is reduced to the ferrous state, when it becoiues a pow('rful (lux. 
On comparing these figures with the reH]XV!tive mol(Muda,r wOglits, 
it will be seen that approximately 2 molecules of magin^sia art', 
equal in effect to 1 molecule of lime, 1 molecule of ])otash, 1 mole- 
cule of soda, and | molecule of red ferric oxide oj' I moh'cuk^ of 
ferrous oxide. Hence, with the exception of magnesia (wliittli has 
not been explained) and of ferric oxide (which is, howewcu', normal 
under reducing conditions), the effect of the oxides numtiomal on 
the refractoriness of sands containing them is almo.st (uxactily pro- 
portional to the molecular weight of the oxides. It nnist h(' 
remembered, however, that magnesia is very slow in addon and 
is therefore less dangerous than lime as an impurity. Unfortunately 
the figures given above by Richter and Bischof ar(^ not v(n-y 
reliable, as the relative activity does not depend solely on tlui ])ro- 
portion of any material jmcsent, but is influenced by tlu^ prc,s(mc(i 
of other substances. Hence the relative activity of (liixc's on 
quartz is not the same as on a mixture of quartz and day, or on 
clay itself, whilst in a mixture rich in silicates, magnesia acds 
only as a flux up to 5 per cent, after which it has a refractory 
effect. 
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It is not at present possible to ascertain, without an actual 
test, at what temperature a "sand will become fluid, as so many 
factors have to be taken into consideration, including the materials 
present, their proportions, the sizes of the particles, duration of 
heating, etc. 

Volume Changes on Heating. — The various allotropic changes 
which occur when silica is heated involve certain changes in 
volume on account of the difference in the specific gravity of 
the various forms of silica. These volume changes are often of 
little importance, but where sands or crushed rocks are used in 
the manufacture of bricks they may have a serious effect on the 
expansion of the brickwork, and therefore on the stability of the 
structure. 

At temperatures lower than 100° C. quartz has a coefficient 
of expansion which is nearly twice as great in a direction 
perpendicular to its axis as in one parallel to it. When (t -quartz 
is converted into /i-quartz at 575° C. there is a change in volume 
of about 1-4 per cent ; on further heating to 870° C. a further 
increase in volume of 14-16 per cent occurs, the low-temperature 
forms of silica being formed. 

Table XLVIII. shows the volume changes involved in the 
various allotropic changes of silica : 


Tabll; XLV'flL — C hanges in Volume of Sij.ica 



ViirialiDii in Volunii'. 


Inversion. 

Reversion. 

Quartz ^ triclymite .... 

-Ill) percent 

- bl i,)or cent 

Quartz eristobalite 

-1-14 

- 12 

Quartz ^ fused silica 

-t20 

- 17 

Tridymite ^ cristobalite . 

- 

1 2-2 

Tridyiniie fused .silica , 

-t :m 

- .'M 

Oristoljalitc ^ fused silica 

H H-l 

- r)-2 


Besides tlie volume changes due to the formation of dilTer(si.t 
allotro]UC varieties of silica, there is also a reversible (expansion 
due to heating and cooling. Quartz expands ra|)idly uj) to 550° ( !. 
Another v(u-y large exjiansion takes ])lace between 550° and 590° (!,, 
this being partly due to the change to an alloti’ 0 ])ie form, but after 
heating to 600° (j. no further exi)ansion takes place and sometime.s 
a little contraction occurs. On cooling, a very nun-ked contraction 
occurs, just below 600° C., on account of the reversion of the quartz 
to the a -state. 
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difference in the coefficient of expansion 
„ of silica, tlie variations being shown in Eig. 17 



TEMPERATURE OF HEATINC 

Fio. 17. — Volume chatigCH of nilica on lieaiiiig. 

as the results of determinations made by L(^ diatclics' and Holborn 
and Henning respectively. The nican\a)cffici(mt of (expansion of 
silica between 0° 0. and 1000° 0. is 0-08. 



CHAPTER VI 

THE EXAMINATION AND TESTING OF SANDS 


Whenever a material is iisccl which occurs in a natural state it 
is usually subject to variations in character which may utterly 
spoil it for the purposes for which it is employed. The sands 
used in various industries ought, therefore, to be tested in such 
a manner as to minimise the losses which would otherwise result 
from the use of unsuitable sand. The necessity for some foiuti 
of testing is I'ecogniscd by some users, though some of the “ tc^sts 
applied ai'c very crude and limited in sco])e. On the otluu’ hand, 
most users have generally failed to recognise the necessity for more 
eom])lete knowledge of the sands they employ, and many of tluun 
arc in eon.se(iuen(ie paying more dearly for their sands than would 
be the (lase if they were ])ur<^hasod as the result of ))ropei' h'sts. 
A particularly sti'iking exam])le oc.cui’red i'(^eently in tlu^ experience 
of tlu' author, in which a firm were puiaihasing sand from 140 miles’ 
distance', whe-n a sand more suitable for their pur])ose, but of k'ss 
atti'a(!iive. ai'ix'aranc.e, c(juld be obtained from a pit close to the 
works. In this instance a c-ertain amount of prejudice' ('xistx'd, 
for tlu' for('man was accustomed to a particular sand and did not 
see (it to chang(' wlu'u he entered the ('luploynu'ut of anotlu'r (inn. 
It was only when tlu' c'haractei'isties of the two sands were' closcdy 
coinpai'ed and tlu'ii’ pi-acti('a.l identity was provcal, that they w('r(; 
us('d with su('c.('ss on a conntu'rcial scale. 

Th(' lack of iid'oi'ination on tlu' subj('<'t of ti'sting nuikcs it 
didicidt to formulaU' a. comph'tc' series of t('sts, and not only do 
the r('(pnrcments of dilTc'ix'iit works <li(Ter vc'ty giaaitly, hut ilu' 
idi()syncra,si('s of diH’creut woi'kers must also Ix' considered, h’oi’ 
insta.nc(‘, in a certain foundry w<'ll known to tlu' a,utlior, tinxx' 
didcix'iit inoukh'rs us('d tlux'c dilferent sands a,nd could not., for 
a long iimey Ix' p('rsua<l('d to ('hang('. Mven that, most cniel t('st 
of all th(' sec'i't't sul)stitution of oiu' sand for anotlu'r fath'd to 
ov('rcom(' tlu' di(licult\' as soon as the substitution was discovc'ix'd, 
though dui'ing tlu' thrc'c' months it remained unknown no notx'- 
worthy troubk's oc.curix'd ! 

Sampling.- In h'sting sand for any purpose it is of c()urs(' 
('ssc'iitial that tlu' sample to be examined should Lx' re])resentativ(' 
of th(' whole deposit, oi' at any rate of that poi'tion of it which is 

23r) 
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to be used. Yet only too often is a small portion of the material 
picked up haphazard and sent for examination regardless of whether 
it is representative or not. Consequently it frequently happens 
that a“ sample” of so heterogeneous a material as sand gives 
results which are not and cannot be by any means typical of the 
material from which it was taken. An examination of such an 
unrepresentative “ sample ” is of course useless ; in many cases 
it may be worse than useless, as a material may be unjustly con- 
demned or unfairly favoured as a result of such an examination. 
The fault in such cases does not lie with the tests, but with those 
who do not take sufficient care to obtain a j^roper sample. It 
cannot be too strongly urged, when a sand is to be examined with 
a view to determining its value as a commercial commodity, that 
the sample provided should be sufficiently large and sufficiently 
carefully chosen to be representative of the whole of the deposit. 
If it is impossible to obtain a single saiiqile of such a character, 
a sufficient number of samples should be taken, the number 
necessarily depending upon the variability of the dejiosit. By this 
means it is possible to get a fairly reliable idea as to the nature 
of any detrital deposit, and the results of an examination will be 
sufficiently representative. 

When testing a deposit or bed of sand, the surface layer should 
be avoided, as it is liable to serious variation in composition on 
account of contamination. The best method is to uncover the 
bed to a convenient depth, and then to cut a vortical facie with a 
spade and from the material so removed to secure a representative 
sample. To ensure this, a method of “ quartering ” is commonly 
used, and when systematically carried out it is ([uite satisfactory. 
The principle involved is that if a sufficient cpuintity of well-mixed 
material be itself well mixed and a considerable poi'tion of it be 
removed, this portion again mixed and another poi-tion abstracted, 
the process being repeated until a sufficiently small (puuitity has 
been obtained, the resulting sample will, as far as possible, truly 
represent the composition of the whole bulk. It is usual to take 
one-quarter of the mass in each abstraction, but in some cases 
one-eighth or even one-twelfth will be found to yield accurate' 
results. Thus, if the original material to be (‘xamined i'('])rc's('nts a. 
bulk of about ten tons, it should be mixed as thoroughly as possible', 
piled into a symmetrical heap, and divided into four epiarte'rs. 
One of these quarters is then removed, again mixed thoroughly, 
divided into quarters as before, and one quarter again se'paratc'd. 
This process is repeated until a “ quarter ” weighing about 10 lb. 
is obtained, unless a larger quantity is desired, when the quarteiring 
need not proceed so far. 

This process is based on the assennption that the material can 
be thoroughly mixed prior to each quartering. This is only the 
case where the material consists of small particles ; if it is in lunqjs, 
these must be broken sufficiently small and, when the bulk has been 
reduced by quartering, one of the “ quarters ” inust be ground. 
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roughly quartered again, and the operations of grinding and quarter- 
ing be repeated until a sample of requisite size is obtained. If the 
raw material is in the form of a sandstone rock or contains hard 
pieces of considerable size, it is necessary to grind it so that it will 
pass completely through a 10-mesh screen before making the last 
few quarterings, and the chemist who undertakes the analysis 
or other tests of the material may have to grind the sample still 
further before he can use it ; consequently, he should always 
be supplied with at least 7 lb. of the sample in the form of a rough 
powder. If the heap is so large that to take one quarter of it is 
impracticable, the only other reliable method is to take a large 
number of samples, each weighing about 4 lb., from many parts 
of the heap and to mix them thoroughly before quartering as 
described above. Unless the material is reduced to a fairly fine 
state of division, the quartering will be inaccurate, as the material 
cannot be mixed with sufficient accuracy. 

The smaller the particles of the material the more accurate 
will be the result of sampling by quartering, and the more repre- 
sentative will be the sample. Consequently, if no examination 
is to be made of the sizes of the grains it is usually desirable to 
grind the material to powder before com])leting the quai'tering. 
Even when it is not desired to grind the sand, it is sometimes 
advantageous to emjrloy a mechanical mixing machine. Those 
most usually enqiloyed consist of a stationary case in which ])addles 
or bladrss ai'(^ (ixed on a shaft in an irTegular manner', and are so 
arT!i,ng('d that when the shaft is rotated the blades mix the material 
thoi'oughly. Som(> investigator’s consider that a small r’otar’y 
eylimhir (iorrtaiuing glass rrrarbhrs or preferably small quartz ])ebbles 
giv(>s a l)(it('i’ ntixing elfcct, but the possibility of grinding the 
softer’ grains and of contaminating the product must not be over- 
looked. 

When it is desired to deku’rnine th(r ferr’ous oxide in a nrater’ial 
th(' sampkr should not be ground vru’y line, as unnc’cessary grindiirg 
(rauses oxidatiorr of the material by exposing it unduly to air’. 
It is ver’y importarrt that sarrd should, as far as jrossilrku be tested 
in its natui’iil condition, and (•.at’(^ should Ik' taken that its moisturr' 
is not (wapoi’ated in transit, as its pr-oportion may Ix'. important. 
Wh('i’(' possible, the sam])le obtained shoirld Ix^ ])laced at once in 
air-tight tins or jai's, and no undue (hday should Ix^ incur’r’cd Ixi'or’Ci 
it i’('a.ches the tc'sting station. 

Phosphor-bronze' si<'V('s are' gcner’ally iisexl ter sift the' mate'r'ial, 
but the'y may intre)ehte'(' nu'tallic irnpirrities. 

Chemical Analysis.- - The details of the var’iorts methexls of 
analysis erf sanels ar’e' eif so c.errnjrlicated a natur-e and re'cpiire ser high 
a, eh'gi'e’e' erf manipulative' skill in their execution that they cannot 
be pr’e)(ita,bly ele-alt with her’c. Readers who wish to expei’iment 
in this dire'ctiem sheruld r’efer’ to A Treatise on Quantitative Inor- 
ganic. Amilysis, by -1. W. Mellor, brrt they must not be disappointed 
if, after many at'tem[)ts, they do not obtain such accurate results 
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as they require. At the same time it is important that those 
responsible for the use of sands should be able to understand and 
make use of the information contained in an analytical r-eport, 
so that the notes given on pp. 202-203 should be carefully studied. 
The constituents usually determined in the chemie.al analysis of 
a sand are moisture, loss on ignition at about 950° (!., silica, titanic 
oxide, alumina, ferric oxide, lime, iTragnesia, soda, and potash. 
Sometimes the percentage of sulphur (as SO.)) and of chlorine', are 
also determined, and in sands which may contain otlu^ substancics 
of importance a determination of these constituents should be 
made. From what has been stated in earlier ])agcH it will b(', realised 
that many minerals arc decomposed on chemical analysis, and 
their constituents are reported as silica, alumina, etc. (S(h^ also 
Mechanical Analysis, p. 239, and Jialional xinalysis, p. 239.) 

Many people who are unable to make an analysis of a sa,iid 
fin d it convenient to be able to determine the moistures and loss 
on ignition. 

Moisture . — The amount of moisture in a sand is sometimes 
very important, especially in moulding sands used foi- coasting 
metals. To determine the moisture content accurately, a wcughiug 
bottle which is fitted with a glass stopp(u‘ is carefully ciearu'cl, 
wiped dry, and then dried in a special oven, which is maintained 
accurately at a temperature of 1 10° (J. by means of a thcMmmstat 
gas -regulator. When completely dry, the weighing bottk^ is cooled 
in a desiccator and then weighed accurately. About 3 gr. of th(^ 
sample is placed in the bottle, the stopper is r(^place(l in tlu' laitei', 
and the bottle with its contents is rci-wcnghed. Tlu', inci'(Mis(i in 
weight gives the weight of sand in the botth'. 

The bottle is now taken to the oven, its stoppc'r is r('inove(l 
and placed on a glazed tile on th(' oven slu'lf. and tlu' bottl(' with 
its contents is placed besi(l(' it, tlu'. bottle Ix'ing covered with a, 
small piece of liltcr-paj)er to ke(q) any dust fi'oin s('ttling into i(,. 
The oven door is clo.sed and tlu* ov('n with its contents is mainlained 
accurately at 119° (1. for sonu' time, aft('r whieli the boltle and 
contents are cooled as before^ and r(ow'('ighed. 'I’ln* loss in weight 
will be the weight of moisture in the sample. 

To ensure the whole of th(i moistiu'e- having b('('n removed, 
the bottle is re])la(!ed in thci ov('n as Ix'forc', a,nd aftx'i' a- fni'lher 
period of drying for at least oiu^ hour, it is again cook'd in a, desieeator 
and re-weighecl. If any furthm' loss of vvc'ight, oe.eurs it shows 
that the sam])le has not been fully dric'd, and tlu' dr\'ing, cooling, 
and re-weighing must be rcjx'^ated until a constant w('ight is 
obtained. 

This weight, less that of tlu^ botth' and eonb'iits pix'vious to 
drying, is the amount of moi.sture in tlu' w('ight of mad'ihd us('(l. 

The I'ec'ord of the i-esidts may conveniently be k<'pt iji tlu' form 
shown on the next page. 
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ExAMrLB : Gr. 

Weight of bottle and sand 8-6754 

Weight of bottle 6-1213 

Weight of clay used 2-6541 

Weight of bottle and sand before drying . . . 8-6754 

Weight of bottle and sand after drying . . . 8-4316 

Moisture in weight of sand used .... 0-2438 


I-Ionce 2-5641 gr. sand contain 0-2438 gr. moisture. 

. • . Moisture — 9- 64 per cent. 

Loss on Ignition . — The figure reported as “ Loss on Ignition” 
indicates the weight lost when the sample has been heated to bright 
redness for several hours. During this heating some minerals 
(such as clay) are decomposed, and evolve water Avhich escapes 
as steam ancl is lost. Any organic matter present will burn away 
and will also be included in the “ loss on ignition.” If any finely 
divided carbonate is present, it may lose some or all of its carbon 
dioxide. The figure obtained as “ loss on ignition ” is therefore 
a comioosite one, and, though sometimes difficult to interpret, its 
determination is often useful. 

This test may bc^ made by ti-ansferring the sam])le used in the 
drying test (j). 23H) to a small weighed porcelain or ])latinum 
crucible and heating it in a small muffle fui-nacc for one hour 
or so, aftc'i' which it is allow('d to cool in a desiccator and is then 
wtngluMl. Tlui crucibh'. with its (H)ntents should then be reheated 
Tor about half an hour, again allowed to cool as Ixifoi'c^, and re- 
weigluxl. If any further loss has (xanirred, tlu^ whole of the car- 
boimcc'ous matt(u', etc.., in the sample has not beam rcmioved, and 
lJi(^ heating must Ik' continiu'd until a constant weight is obtained, 
ddu^ total loss in wc'iglit, (^xi)r(>ssed as a ptu’ccuitagci of the', wedght of 
the originai sam|)le, is tlum cahndated by multi]>lying tlui loss by 
100 and dividing by the w(Ught of the-. .sa.m])Ic! used in tlu^ test. 

Mechanical Analysis. - When it is d(\sii'(‘d to know tlui propor- 
fions of fhc' various si/x's of grains pr('.s('nt in a sand, a mechanical 
analysis is mad(' ; ihis is (Uudt with hilc'r uiuha- tlu' luauling 
a rad in g Tests. 

A m('cha.ni<'a,l a, na, lysis is very va.luabl(^ for nuiny of tlu' purpose's 
foi' which sands ai'c usc-d, cs|HM-ially in ag!'icultur(', a.nd in the 
sclcclion of sands for gla..ss-making aiul for casting nu'tals. 

Rational Analysis. A nu'lhod commonly known as “ ra.lional 
analysis ” is soiiu'timcs appli('d to .sands in ord<‘r to show tlu^ pro- 
poi'l ions of I he diffcrcnl mitu'rals pn'si'ut . As t lu'sc^ miiu'rals arci 
not (h'linitcly idcntili<'d in a. rational amilysis, tlu^ ti'rin is sonuo 
whal. of a. nnsnonu'r, and tlu^ ])ro(X'ss is not n'liabh' (except under 
unusual circunisl.a,nc('s. 

'riu^ nu'lhod of malving a rational analysis consists in treating 
a. w('ighcd a.mount of sand with hot corux'ntratcd sulphuric acid 
foi- a c,onsid('rabl(^ time. The mixture is then allowed to cool ; 
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it is diluted with water and filtered, the residue being treated 
several times with beiling solutions of caustic soda and hydro- 
chloric acid. The matter dissolved by this treatment is presumed 
to be wholly “ clay.” The residue finally obtained (consisting 
chiefly of felspar and quartz) is dried and weighed. It is then 
treated with hydrofluoric acid, which removes the silica, the solution 
being analysed for alumina, lime, soda, and potash, ' from which 
the amount of felspar and quartz may be determined. 

The chief objections to and sources of error in this process are : 
(i.) the whole of the clay present may not bo decomposed, though 
where only a small percentage of clayey mattc^r occurs, as in most 
sands, there is less risk of incomplete decomposition ; (ii.) the 
decomposed products of the treatment with sulphuric acid may 
not be entirely removed from the residue, thus increasing the 
felspar percentage and decreasing the amount of “ clay ” present ; 
(iii.) some of the felspar and quartz if in a fine state of division 
may be lost ; (iv.) other minerals, apart froin clay, may bo attacked 
and partially dissolved, thus increasing the amount of “ clay.” 
A greater or less quantity of felspar, hornblende, augitc^, biotite, 
andalusite, epidote, and muscovite may thus bo included in the 
amount of clay reported as present (see p. 204) ; (v.) on account 
of the heterogeneous nature of the sand, the value obtained for 
quartz does not represent the amount of free quartz presemt, but 
is probably higher than the correct figure ; neither doc^s the vahu^ 
for felspar represent the j^roportion of felspar j)resent, but is rather 
high, as the other impurities containing silica and alumina arc^ not 
sufficiently taken into consideration. Hence a rational fuuilvsis 
is only satisfactory in rare cases; where minerals (XHuir in widely 
different states of division, or where other iniiuo'als !ire pi’c'scmt 
which are attacked to about the same extent as clay and liispar, 
the results may contain a very largo error and in sonu^ (uises are 
quite useless. 

Re-calculated Analysis. — In many (aises, resull.s of more vafmi 
than those obtained by a rational analysis may b(‘. obtained l)y 
re-calculating the composition of the sand, as sliown by (iKanical 
analysis, so as to correspond to c.ertain minerals assumed to Ix^ 
present. Thus, it may be assumed that tlu^ alkaiies, lim(\ and 
magnesia are all in the form of fela])ar, and the alumina,, togc'llna- 
with the amount of silica corresponding to this assunuxl (nmntity 
of felspar, is then calculated. Any exce.ss of aJuniina is moxt 
calculated as “ clay ” of the formula Al.^O., . 2Si().j . 211., (), and the 
silica corresponding to this “ clay,” together with that e.orrc'sijonding 
to the felspar, is deducted from the total silica; the reinaiidng 
silica is then assumed to be free quartz. 

In some sands the percentage of iron compounds is so larger 
that it requires special consideration. As tlu^ most abundant, iron 
compound in sands is limonite— a hydrated ferric hydroxides of 
somewhat variable composition (p. 18<))~it is sometimes convenient 
and usually fairly accurate to calculate the iron oxide found by 
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chemical analysis to limonite, 2 Fe 203 . SHgO. If an appreciable 
percentage of ferrous oxide is present it may be assumed to exist 
as PeO . HgO. 

This method gives results which are often instructive, but they 
are subject to the serious objection that felspars do not contain 
magnesia and that in some sands the bases are present in the form 
of mica and other minerals. 

Proximate Analysis. — The purpose of a proximate analysis is 
to state the proportions of various minerals actually present in 
the sand, as distinct from the results shown by chemical analysis. 
In the latter, the silica from the various minerals is included in 
a single figure, so that a chemical analysis often fails to show the 
nature and percentage of the impurities present. For example, 
a sand composed of 90 per cent of quartz and 10 per cent of pure 
clay will contain 94-6 per cent of silica, 3-9 per cent of alumina, 
and 1-5 per cent of water (loss on ignition). It might be supposed 
that as there is 94-6 per cent of silica there could only be 5-4 per 
cent of impurities, but this is not the case, for 4-6 per cent of the 
silica forms part of the “ impurities ” and the total impurity 
amounts to 10 per cent. Similarly, a sand consisting of 90 per 
cent of quartz and 10 per cent of (orthoclase) felspar will show on 
analysis 96-5 per cent of silica, 1*8 per cent of alumina, and 1-7 per 
ecmt of potash, but the impurity will not be 3-5 per cent (the 
figure obtained by deducting the silica from 100) but 10 per cent, 
as part of the silica belongs to the felspar. 

In most sands the conditions are much more complex, so that 
it is usually difficult, and often almost impossible, to ascertain 
a(!curat('ly their ])roximato composition. Four methods are 
available : 

1. A nu'chanical analysis (p. 239), which will separate some of 
the minerals from the nunainder. 

2. A rational a.nalysis (]). 239), whudi is, unfortunatc^ly, seldom 
reliables 

3. A r(‘-(!a,l(;ulate(l analysis, whic.h is only of us(' when thc^ ciom- 
position of the saanl is c!()m])aratively simph', and even then is 
lial)l(' fo b(' miskaiding (p. 240). 

4. A micros(a)])ieal examination of tlu^ material as a whole, 
or of ('ach of tlu' grades into which it cam bc'. se])arated by medianical 
a-na lysis (.src he/otv). 

TIk'sc methods, in conjumdlon wiili a ch(‘mi(ad analysis of the; 
mat('rial as a whole, or still better with a s(q)arate chemical analysis 
of ('ach of llu' mor(' important gra(l(^s s('pa.rat('d by mechanical 
analysis, or of the ])ie(!es ])ieked out by tin* aid of a microscope, 
will giv(> a sufficiently ae(mrate idea of the a])i)roximate (fomposition 
of tlu^ matcu'ial to server all praeticail purposes. 

If n('c('ssar’y, these methods arc su])plement('d by sy)ecial tests 
and by the use of methods of se])aration applicable to j)articular 
minerals. 

Microscopical Analysis.-— A systematic examination of a. sand 
yoL. I 
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under a microscope will give a good idea of the various minerals 
present and, roughly, the proportion of each, and the results of such 
an examination are often more accurate than those obtained by 
any other single method. The microscope is particularly valuable 
in identifying certain minerals, and it is the only means at present 
available of estimating the amount of cristobalite, tridymite, etc., 
in some heated silica rocks. 

The microscopic examination requires the use of a good micro- 
scope magnifying up to about 500 diameters (higlier ])()wers are 
seldom necessary), Htted with polarising aip)aratus, so tliat tlie 
characteristics of minerals in polarised light may be (examined. 
It is usually better to examine the various grades se])arated l)y 
mechanical analysis tlian to confine the examination to an indis- 
criminate sample of the whole bulk. 

If the sample has to be treated with water, in scq)arating the 
particles of various sixes any dust will have been removed from tlie 
bulk of the material ; otherwise, the sam’])lo should bc' stirrcal up 
with water and the water and the finest particle's in susj)ension 
should be poured off, or they may cause trouble l)y masking tlu^ 
grains. These minute particles shoidd be examined separately anel 
not overlooked, as is frequently the case. 

The particles are placed on a suitable glass sliele, anel, if neceissary, 
cemented by balsam or immersed in oil e)f c]e)ves or e)theT suiiiil)le^ 
medium. They should then be examined first in natural anel 
afterwards in polarised light, so as to ascertain the^ lU’erpejriieins 
and the various characteristics of the elifferemt minerals ])re'se'nt. 
The identification of the various minerals prcse'id, re'epi ire's a e'e'i'tain 
amount of skill and knowlealge of the ])ariie!ular e'haraepe'ristie's 
possessed by different minerals, but after sullie'ie'ni. e'xpe'rie'iu'e' luis 
been gaineel, the comme)ner minerals ma,y re'aelily be^ iele'iif ifie'el. 
To facilitate the examination, tlie sam])le^ she)nlel be> se'pai'aie'el 
into grades by means of (a) sieves (]>. 2-i()) anel (h) lie'ivvy liepiiels 
(p. 257), as the minute, ameirphems partieie^s eif e-lsiy, e'lc., ai'e' in 
this way prevented from obscuring the eiilu'r grains. The' lu'avy 
minerals also enable the quartz — whie'h e'einslituie's flu' gi-e'iete'r 
part of the sand — to be se]iaratcd, anel the^ mim'rals e)! gre'ate'r 
specific gravity than quartz arc obtaincel in a highly e;e)neu'nl rafe'el 
form and so can be easily examined. 

The various characteristics which she)ulel be^ eibse'i've'el ineiueh' 
the shape and crystalline form of the grains, ele'avage', frae't-ure', 
enclosures, alteration, refractive index, ])lee>e‘hre)isin, bire'fringe'iu'e', 
extinction angle, interference figures, twinning, e'tca The'. nu)re^ 
important of these characteristics are deseaibe'el in Chajite'r IV., 
and from what is therein stated it is usually peissibh' tei iele'iitify 
all the common minerals. The characteristic ])re)])e'rtie^s e)f mine'rals 
which are difficult to determine have bee'u eanitteel frean this 
volume, as they are only seldom required. Ihirther infeirmatiein 
thereon will be found in the leading text-books on mineralogy and 
petrology. 
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One of the most important characteristics which can be '-Io+ot. 
mined microscopically is the refractive index. This is 
determined by the use of various liquids of known refractive inde:^.. 
The liquids used must be carefully tested by means of a refractometer 
before use, so as to be sure that they are according to standard. 
Table XLIX., due to Schroeder van der Kolk, shows the refractive 
index of certain liquids : 


Tab CIO XLIX. — Rjcfiiactivu Indiciss 


Mntorieil. 

l{cfrac;tlve 

Index. 

Matorieil. 

Jlcdraetive 

Index. 

tlihyleno chlorielc 

1 -ir)!) 

Monobroinbenzol . 

l-5(il 

Olivo oil .... 

l-4(it) 

Orthotoluidine 

1-571 

Bonzol .... 

l-6()l 

Aniline .... 

1 -583 

Ce'darwood oil . 

i-rm.') 

Broinoform 

1-590 

Monoo.hlorbonzol 

1-523 

Cinnamon oil . 

l-(i()5 

Ethylene bromide . 

1 •53() 

Moniodobenzol 

Mil 9 

Clovo oil . 

1 -544 

a-Monoc;hlornai)lil.lialeno 

l-(i35 

Nitrotoluol 

1 -Sdl) 

a-Monobroinn!iy)hthaleiU' 

Mi55 

Nitrobenzol 

1-552 

Mistbylene^ iodide . 

1-740 

Dimoihylainiiie' 

1-558 

Suli'hur in inothyh'no 
iodidn .... 

1-839 


Anotlu'f usc'fid iiu'tliod is that desen’ibed l)y A. B. Pick (]). 17M). 
Wluai a iniiUM'al is immersed in one. of tlu; above-mentioned licjuids, 
it will be found that if tlu^ r{'fra.etivt^ inditu's of tlu^ liejuid and the 
iniiuuaJ ar(^ vH'py luairly (Mpial the mineral will b(^ practutally 
invisibhy when'as if iliere is an appreciable difTeremte between the; 
n'fi'a.(div(' indices the miiUM-al will be (‘.asily seen. Under the 
mi{‘.n)S(a)pe, if Uum'c is a large dillennua' b('twe(Bi their r('s])('(!iive 
refractive' indiea's tlu' fi-agiTumts of min('ra,l will ap])car to have 
thick borde'i’H. 

In order to (h'tcrmim^ wlu'llna' t he nd’racti v(' index of the miiu'ral 
is higher or lowin' than that of thi^ h(|ui(l, the light should bi^ cut 
off from a, portion of the held by tilting the inieroseope inin'or, 
so as to ea.ns(' tiu^ minin'ais to bi* dark on oni^ edgi^ and light, on the 
other. Till' position of tlu' dark I'llge; should be noti'd, and if it 
lii'S on till' opposite' sieh' of the grain to the' sheielow the' gniin Inis 
a lowi'i' ri'frae'tive' ineh'X than the liepiiel, whilst, if it is ni'iiri'st to 
the' slnielow the' miiU'ral has <i highe'r J'e'fraetivi' inilex than the 
lie|niel. 

Anotlu'r me'thoil sugge'ste'd by Bee'ki' consists in raising the 
objeadive' li'iis of the microscope until the grain is out of focus. 
Wiiilst this is bi'ing elone' a bright line; will move' froni the material 
having the' lowi'r re-fractive index to the one' having the hight'r 
value. If the obje'ctive is lowere'd instead of raiseel the reverse 
action takes ])lace. Ry re])oating one of these tests with a series 
of different liquids it is easy to determine which liquid has a refractive 
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index nearest to that of the mineral. The refractive index of the 
liquid may then be determined in a refractometer. 

If the material to be examined is in the form of a piece of rock 
it may be rubbed down so as to have one smooth surface which 
can be examined by reflected light. Afterwards it may bo ground 
so as to form a thin transparent section about O-OOl in. thick, which 
is then mounted in Canada balsam on a glass slide and covered 
with a thin cover of glass. The slide can then be examined by 
transmitted light, the same optical tests being ap])lied as for sands. 

Other sections raa}’’ be further investigated by staining or 
etching. The slide is made as before, but without Canada balsam, 
and its surface treated with dilute hydrochloric aciid to asc('-rtain 
whether any carbonates or alkali silicates, such as lime-seai)oIite, 
nepheline, sodalite, melilito, hauyne, nosean, lazurite, anorthite, 
olivine, chlorite, serpentine, and zeolites, arc ]')rcsent, as these are 
gelatinised by this acid. Felspar and quartz are gelatinised only 
by hydrofluoric acid. To stain the section, the acid is washed 
away with water and afterwards with ammonia, and the sam])le 
then placed in a bath of stain, such as magenta, malac.hite green, 
Congo red, aniline blue, or methylene blue. After a sulliciicmt 
time has elapsed to permit the sample to be com])Ietoly stained, 
it is removed, washed, dried, and examined under the miciroscope. 
This method is sometimes useful in showing up certain minerals 
more than others. 

Other special tests are sometimes useful though seddom rcMpiired. 
Further information as to these tests will be found in the text-hooks 
on mineralogy and petrology. 

Cleanness.— The “ cleanness ” of a sand may be t('st('(l roughly 
by rubbing it between the fingers ; a good clean sand will l('av(^ 
little or no discoloration on the lingers. A pcu'hudJy churn sauid 
may be rubbed on white paper without huiving iuiy dark marks. 
Another very useful though rough test of tlu^ c.kuimu'ss of a saiid 
consists in shaking some of it viohmtiy for a few minutes in a, 
measuring glass half-filled with water. After shaking, the sand is 
allowed to settle, and the othei- mahu'ial will gradually siid< and 
form a layer on the toj) of the sand. Tlui amount of dii't, (d.c., 
can be roughly determined by noting the numlxu' of di\'isions of 
the measuring glass which correspond to the thicdviK'ss of tlu' lay('r 
of dirt, and by estimating the amount of inatdu' in suspemsion. 
This test is useful in determining whether a sand foi' use in making 
mortar or concrete needs to be washed lavforc' uscu 

A better test consists in stirring u[) a weigluul ((uaniity of sand 
with sevei'al times its weight of water, pouring t)lT the licpjid through 
a 100-mesh sieve, and repeating the treatnuujt with watm- until 
no more “ dirt ” remains in the re.sidual sand. Tlu^ licpiid and 
“ dirt ” w'hich have passed through the sieve are then (wa])oi'at(‘d 
to dryness, and the product is weighed and c.alculated as a percentage. 
As the lin(5 sand consists of silt, clay, and organic (carbonaceous) 
matter, this residue may be ignited so as to drive', olf th(i car- 
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bonaceous matter, allowed to cool, and then re-weighed. The loss 
in weight may be regarded as representing the organic matter, 
together with any water produced by igniting the clay and other 
hydrous minerals present. (See also Carbonaceous Matter^, p. 246.) 

Colloid Matter. — A rough idea of the amount of colloidal matter 
{clay) in a sand may be gained by shaking up the sand with twenty 
times its weight in water in a tall glass cylinder, and noting the 
amount of matter remaining in suspension after one minute (p. 244). 
The test is vitiated by the extremely fine sand present, some of which 
may remain in suspension for several hours. A much more satis- 
factory method of separating the clay from the other constituents 
in a sand is to use a series of sieves and an elutriator (see p. 246). 

Another useful method of comparing the amount of clay in 
batches of moulding sand is the following modification of a method 
proposed by Ashley : 

0-75 gram of aniline green (malachite green) is dissolved in 
250 c.c. of water and shaken for five minutes. Fifty grams of the 
sand are added and the liquid is shaken in a machine for ten minutes, 
after which it is poured into a settling bottle and allowed to stand 
overnight. The colour of the liquid is then compared with a 
standard solution of 0-75 gram of dye in 250 c.c. of water which 
has boon shaken and allowed to stand in the same way. A sand 
containing clay abstracts sonic of the dye from the liquid, the 
extent of the decolorisation being to some extent a measure of the 
amount of clay ])r(^sent. The best method of determining the extent 
of d(Hiolorisation is to dilute the standard solution to the same 
(ixtent as the sample, and to take the extent of dilution as a measTire 
of the amount of clay ])resent. This method is very useful for 
(umipai'ing dilfenurt batches of sand from the same source, but 
it has been found unsuitable for com]mring widedy different sands, 
on account of the variation in the absorbing power ])osscssed by 
different (days. 

H. B. Hanl(\y and H. It. Himonds have, obtained l)(d,t(‘r n-sults 
by treating the sand prior to adding it to the dye-solution. They 
sugge^st [ilacing 25 grams of the sand in a 50()-(\c. widcvmoutlied 
bottl(\ and adding 250 c.e. of distilled wab'r, and 5 c.c.. of 10 ])er 
<!(mt ammonium liydroxidcv Tlu' bottle* is eloscsl with a glass 
sto|)per and se^ah'd with paraffin wax, and is plact'd in a shaking 
imudiine foi' oiu* hour. At the end of this jn'idod, 140 c.c. of distill(‘(l 
watc'f is addcsl, together with suffiei(‘nt acetic^ aedd to luuitralise 
the ammonia and leave an exc.(^ss of acid. This usually reepiircs 
5 c.c. of 10 p(M' cent acid. This treatmt*nt (deans the suidace of 
ciudi microscopies particle, and ensures that tlus colloidal mattcT* is 
in a states to iittraest or absorb the dye. The tesst may be* continued 
by adding a weighed ({uantity of the dye esrystals to thes solution 
aiul sand, sufficient dye being added so that, after stirring and 
allowing thes sand to settle, a slight tinge of colour remains in the 
solution. This indicates that a slight excess of the dye has been 
added ; its amount is estimated by preparing a standard solution 
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. diluting it until it has the same colour as the liquid 
le test. The quantity of dye in the diluted, solution 
, that amount is deducted from the total weight of 
^o^d. This is regarded as proportional to the colloidal 
jsent. 

Tjonaceous matter, which is objectionable in sand to bo 
1 concrete, may be estimated by means of a sim])lo test 
red by Aljrams and Harder, and since adopted as a “ clean- 
test by the American Society for Testing Materials, who 
..v.*...mend that it should be carried out as follows : 

A 12-oz. graduated prescription bottle is lillcd to the 4|-()z. 
ark with the sand to be tested. A 3 per cent solution of soclium 
ydroxide is then added until the volume of the sand and solution, 
after shaking, amounts to 7 oz. The bottle is then (ilosed by a 
cork or stopper and shaken thoroughly, after which it is allowed 
to stand overnight. The next day the colour of the more oi- less 
clear supernatant liquid is observed ; if it is colourless or has 
a light yellow colour, the sand may be considered to b(^ satisfactory 
in so far as organic impurities are concerned. If, on the otlua* 
hand, a dark-coloured liquid, ranging fi'om dark red to black, 
is obtained, the sand should usually be rejected as unsuitable 
for use in concrete or mortar. 

Grading' Tests. — The separation of a sample of sand into gt'()U])s 
according to the sizes of the constituent grains of matcii'ial prc'sent 
is known as “ grading ” ; a determination of thci proportion of 
each grade is termed a mechanical analysis, and cionsists in trc'ating 
the material present either by means of sieves, or in an elutriat-oi', 
so as to separate the ])articlos of one size (or those' within ete'i'iain 
prearranged limits of .size) iVom the I'cmaineleu'. By re'pe'afiing thei 
process a sam])le is eventually subelivielcel inie) a ea)nsiele'i'aJ)le' 
number of separate gi'aelevs ; the wen'ght of eaiek e-an tiu'ii he^ ase-e'i'- 
tained. To .separate the ce)ar.seM' gi-ains e)f sanels, sie've's are' the' 
most satisfactory, it being generally be'st te) se'h'e't a. nuinbe'i' e)f 
sieves of decreasing finemevss, aeaioreling te) the' graeh's into which it 
is desired to separate the particles. 

In order to obtain sti'ictly ea)m])arid)le) I'e'sulis it is inipe)r1.a,nt, 
to use .standard sieves, as oi'dinary e)ne)s eii'e' ne)t we)ve'n with sndie'ie'nt 
accuracy. 

Table L. shows the standarel nieshe\s e)f sieve^s spe'e-ilie'e! by the' 
Institute of Mining and Metal lui'gy. 

The sieves are manufactui'eel by N. Gi'oening& Se)n, eef Wari’ingte)n. 


[Tahlio 
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Table L. — This I.M.M. Stanbaiid Sieves^ 


Mosli, i.e, ApertureiH 
per Linear Ineh. 

Diameter of Wires. 

Diameter of Apertures. 

Screening Area per 
cent. Holes. 


ill. 

min. 

in. 

mm. 


5 

0-1 

2-540 

0-1 

2-540 

25-00 

8 

0-063 

1-063 

0-062 

1-674 

24-60 

10 

0-05 

1-270 

0-05 

1-270 

25-00 

12 

0-0417 

1-059 

0-0416 

1 -056 

24-92 

IG 

0-0313 

0-795 

0-0312 

0-792 

24-92 

20 

0-025 

0-635 

0-025 

0-635 

25-00 

30 

0-01G7 

0-424 

0-0166 

0-421 

24-80 

40 

0-0125 

0-317 

0-0125 

0-317 

26-00 

GO 

O-OI 

0-254 

0-01 

0-254 

25-00 

GO 

0-0083 

0-211 

0-0083 

0-211 

25-00 

70 

0-0071 

0-180 

0-0071 

0-180 

25-00 

80 

0-0063 

0-160 

O-00G2 

0-157 

24-60 

90 

0-0055 

0-139 

0-0055 

0-139 

24-50 

100 

0-005 

0-127 

0-005 

0-127 

25-00 

120 

0-0041 

0-104 

0-0042 

0-107 

25-40 

140 

0-()03G 

0-091 

0-0036 

0-091 

25-00 

IGO 

0-0033 

0-084 

0-0033 

0-084 

24-50 

IGO 

0-0031 

0-078 

0-0031 

0-078 

25-00 

180 

0-0028 

0-071 

0-0028 

0-071 

25-00 

200 

0-0025 

0-063 

0-0025 

0-063 

25-00 


' Some luUl'iiionnl (Uitn, I)y J , W. Mcllor havo jiIho lii'cn iiu'liuUHl in the taliln. 


Table' LT. shows the staiKlards adojitx'd by tlio Aiiierican Bureau 
of Standards. 

K. W. Taylor has suggested the sieves given in Table Lit. foi' 
testing tlu' grading of sands for concrete work. 

This s('i'i(\s of sieves is based on the following e.onijjlex con- 
siderations : the limiting dianuders of the partic-les in each gi'ade 
wei’(i first deehhvl and also tlie nundxs’ of gi'adc's into which tlu' 
inatm'ial is to b(i sepiarate'd. The logai'ithnis of tlu' ('xtrc'iiK^ 
diaiiu'tcM's of the pai'ticL's wen^ tlu'n found, aaid betwe'cii tlu'se 
figures was found tlu^ reepiired nundxu' of logarithms, k'ss 2, whi(L 
luu't^ ('(|uaJ (lilT('r('ne(5s Ix'twex'ii them. By this means a- seih's of 
logarithms was found eeiual to the numlx'r of si('V(*s to Ix' usc'd, 
th(' (lifT('i'('iu;(' lxdw'('('n (xieh sueeee'ding logarithm Ix'ing constant, 
'riu' eori'c'sponding antilogarithms furnish tlu^ opc'nings for ('aeh 
si('V(' in the sewies, and wlu're tlu'se' do not eoi'respond to a, eom- 
uu'i'cially a vailable^ sieve, tde neare^st eomnu'reial si('V(' is ('inploye'd. 
iSo ('lal)orat(' a. proei'dure' is seddom adoplx'd, and tlu' I.M.M. se'i'ies 
{((hove) is a,mpl(' for most purpose's, e'S]X'e‘ia!ly as a sie'\'e^ in ordinary 
use' eloe's not jiass e'vei'y grain smalle'r t.han its hole's or “ mesh,” 
though it. elex's l•e^tain all those which are large'i'. If the siewiug 
])roe'e'SS is e)f vewy she>rt eluratiem, a large pre)pe)rtie)n f)f line^ material 
will fail te) pass threiugh the se'.reen ; if the ])re)e;ess is excessively 
])re)h)ngeel, seime of the larger particles may bo reduced by attritieen 
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Tablb LI. — Ambbtoan Stan: 


Tolemncel 


Opening. 



mm. 

in. 


8-00 

0-315 


6'72 

0-265 

't 

6'66 

0-223 

i 

4-76 

0-187 

5 

4-00 

0-157 

6 

3'36 

0-132 

7 

2-83 

0-111 

8 

2-38 

0-094 

10 

2-00 

0-079 

12 

1-68 

0-066 

14 

1-41 

0-0557 

16 

M9 

0-0468 

18 

1-00 

0-0394 

20 

0-84 

0-0331 

25 

0-71 

0-0278 

30 

0-69 

0-0234 

35 

0-50 

0-0197 

40 

0-42 

0-0166 

45 

0-35 

0-0139 

60 

0-30 

0-0117 

60 

0-25 

0-0098 

70 

0-21 

0-0083 

80 

0-177 

0-0070 

100 

0-149 

0-0059 

120 

0-126 

0-0049 

140 

0-105 

0-0041 

170 

0-088 

0-0035 

200 

0-074 

0-0029 

230 

0-062 

0-0025 

270 

0-053 

0-0021 

325 

0-044 

0-0017 


Wire Diamefccr. 

Average 

Opening. 

mm. 

in. 

per cent. 

1-85 

0-073 

1 

1-66 

0-065 

1 

1-45 

0-057 

1 

1-27 

0-050 

1 

1-12 

0-044 

1 

1-02 

0-040 

1 

0-92 

0-036 

1 

0-84 

0-033 

2 

0-76 

0-030 

2 

0-69 

0-027 

2 

0-61 

0-024 

2 

0-64 

0-021 

2 

0-48 

0-0187 

2 

0-42 

0-0165 

3 

0-37 

0-0146 

3r 

0-33 

0-0129 

3 

0-29 

0-0113 

3 

0-25 

0-0098 

3 

0-22 

0-0085 

3 

0-188 

0-0074 

4 

0-162 

0-0064 

4 

0-140 

0-0055 

4 

0-119 

0-0047 

4 

0-102 

0-0040 

4 

0-086 

0-0034 

4 

0-074 

0-0029 

5 

0-063 

0-0025 

5 

0-053 

0-0021 

5 

0-046 

0-0018 

5 

0-041 

0-0016 

5 

0-036 

0-0014 

5 


Table LI I. — Sncvjcs bob Tk.stino tiiio 

C()N(!HKTK 


sieve No. 


OpeniiiK ill 


10 

ir> 

20 


()'()7:i 

0-(M7 


;jo 

40 

00 

74 

[00 

150 

200 


0-022 
()•()! 5 
O-OO!) 
0-()07 
0-004 
O'OO.S 
0-002 
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DAKD Sieves 


Tolerance 
in Wire 

Tolerance 

in 

Meshes 
per cm. 

Meshes 
per in. 

per cent. 

per cent. 



5 

10 

1 

2-6 

5 

10 

1-2 

3-0 

5 

10 

1 -4 

3-6 

5 

10 

1-7 

4-2 

5 

10 

2 

5-0 

5 

10 

2-3 

5-H 

5 

10 

2-7 

6-8 

5 

10 

3 

7-9 

5 

10 

3-5 

9-2 

5 

10 

4 

10-8 

5 

10 

5 

12-5 

5 

10 

0 

14-7 

5 

10 

7 

17-2 

5 

25 

8 

20-2 

5 

25 

9 

23-0 

5 

25 

1 1 

27-5 

5 

25 

13 

32-3 

5 

25 

15 

37-9 

5 

25 

18 

44-7 

10 

40 

20 

52-4 

10 

40 

24- 

01 -7 

10 

40 

29 

72-5 

]() 

40 

3-1 

85-5 

10 

40 

40 

101 

10 

40 

-17 

120 

15 

60 

50 

1-13 

15 

00 

00 

107 

15 

00 

79 

200 

15 

00 

93 

233 

■ 15 

0(1 

100 

270 

15 

00 

125 

323 

— 

- 
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and so pass through the screen. With care, the proportion of 
fine material which fails to pass the screen should not exceed 2 per 
cent. The tailings from each screen should be tested periodically 
to ensure that they do not contain too much fine material. 

The sieves selected should depend, of course, on the nature 
of the sand, but in most cases sieves ranging from about 30-mesh 
to 120-nie8h are sufficient, though a 200-mesh sieve may be necessarj?’ 
in some cases. Eor testing sands the author has for more than 
twenty years used a series of sieves with 10, 25, 50, 100, and 200 
holes per linear inch, the respective apertures being 0-05, 0-02, 
0-01, 0-005, and 0-0025 in. in diameter. Boswell prefers to use 
a series of sieves with 6, 12, 25, 50, and 120 holes per linear inch 
for the sand grades. From the variations in the series of sieves 
used by different authorities, it will be understood that the sizes 
into which the sands are classified depend largely on the require- 
ments of the worker, but where possible it is desirable to adopt 
some standard classification such as those mentioned on pp. 210 
to 210, so as to avoid confusion and to make the results as comparable 
as possible. Grading tests made with sieves without stating the 
size of the grains indicated by the various sieves employed, are 
of no value except to the ujser. 

Some investigators employ a needless number of sieves in a 
scries. The pro])er course is to ascertain, from a microscopic 
examination of a limited number of grades, whether the particles 
in each arc sufficiently uniform in size. If not, an additional 
number of sieves should be employed. Except in unusual cases, 
however, it is preferable to classify into the minimum number of 
grades possible, as the mere multiplication of grades is of little 
value. Whatever series is employed, it is usually desirable, for 
the sake of consistency and rapid working, to use woven sieves 
of phos])hor-bronze throughout the series, though for removing 
particles larger than 0-2 in. diameter, and especially when stones 
or gravel are abundant, perforated sheets are preferable to woven 
mesh. It is useless to attempt to employ .sieves finer than 25b-mesh, 
and, for most purpo.ses, it is better to regard a 20O-mesh as the 
finest practicable sieve, and to use an elutriator for grading the 
particles which pass through this sieve. 

manner of using sieves is important. If the sand is clean 
{i.e. almost free from clay) and dry, a weighed amount may be 
.si('v('d in its natural state, care being taken to avoid the loss of 
any " dust .” On the contrary, if there is an appreciable proportion 
of 'chiy present, the weighed amount of sand is mixed with about 
twi(a‘'its w('ight of water, well shaken for half an hour or more 
in a nu'c.hanical agitator, and then run on to the coarsest sieve ; 
any mat(u-ial which i)asscs through the sieve is received in a suitable 
vessel, prcfixu-ably of white earthenware, and is afterwards passed 
in a similar manner on to each of the sieves in turn. Each 
sieve is then washed with a powerful “ rose ” of water, so as to 
ensure all the sand finer than its mesh passing on to the next finer 
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sieve. When all the finer particles have been removed from each 
grade, the contents of the various sieves are dried and weighed. 
The material which passes through the finest sieve contains all 
the clay, together with a considerable proportion of fine sand and 
silt. The constituents of this mixture may, if desired, be separated 
by elutriation (p. 252). The thoroughness with which the fine 
particles are removed from the residue on the various sieves depends 
largely on the operator. To reduce the ■effect of this ‘‘personal 
factor,” some investigators work to a strict time-schedule ; others 
prefer to use a mechanical agitator and to rely on this rather than 
on hand-sieving. The mechanical arrangement is chiefly used in 
the United States ; it consists of a series of sieves mounted one 
above another, with a container below and a cover above, so as 
to prevent the escape of dust. A jmcarranged weight (usually 
100 grams) of the sand (previously dried at 110° C. to a constant 
weight) is placed on the top sieve, and the wholes series is then 
shaken for exactly five minutes by means of a j,-h.p. electric motor. 
Each sieve is then removed and shaken separatc^ly by hand for 
one minute more, and any material which passes through is trans- 
ferred to the next sieve in the scries. The whole of the series of 
sieves with their contents is again assembled, with tlu'. container 
and cover, and is shaken again by the machine for a ])eriod of 
twenty minutes, after which, each sieve in turn is again shak(Mi 
by hand as before. The amount eventually remaining on each 
sieve is separately weighed, the results being expresscal as the 
percentage retained on each sieve. No standard methotl ch' siewimr 
with the aid of water has yet been adopted. 

The deposits left on the coarser sievc^s geuu'rally c.onsist of 
quartz and felspar. Muia is generally cioncentrated on'tlu^ medium 
sieves on account of its flaky nature, tin', diiinud.cn' of tln^ fiak('s 
being large compared with the avc'rage bulk of otlnv miin'i'ids (s('(^ 
p. 217), and the depo.sits on the liner sicwcis contain tlu'. greal-c'r part 
of the heavier minerals, as the grains of tlu's{^ an', gi'invally smallc'r 
than the average size of the (juartz grains (p. 2I()), 

Sedimentation and Elutriation, — Kor tlu^ lincst part icli's (u)nt, aim'd 
in sands, sifting is useless, as si(wes liiu'r than 20()-m('sli, i.c. for 
particles 0-0025 in. diarnehu-, are not sufficiently <UHmra,t(', as the 
strands are liable to be rapidly (histroycal on’ a(!(!()unt of tiu'ir 
fineness and delicacy. It is, therefony i)r{'f('i'al)le to s(y)a,i'a,te tlu'S(i 
line particles by treating th(mi with water in such a manm'r lluit 
they arc separated ac.cording to tJieir susp('nsil)ility. 'Phis may 
bo (lone in one of two ways. 

Sedimentation Method . — The ])artioles may be stirred witli watcu' 
until all are in suspenshm and they may thc'ai ho allowt'd to sc'l.tle. 
They will sink towards the bottom of the vc'ssol in which they 
are (iontained, at a rate whudi depends on their diameters and 
sjjocific gravity, in accordance with Stokes’ law. 

21) -d 
^ " dz ' 
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or V = Cr^, where G = 

where V is the velocity of the particles in cm. per sec., 
z is the viscosity of the liquid {water = 1), 
r is the radius of the particles in cm,, 
g is 981, 

d is the specific gravity of the liquid, 

D is the specific gravity of the particles. 

This formula assumes that (a) the particles of solid matter are 
much larger than the jparticles of the liquid ; (b) the liquid is of 
infinite length in comparison to the sinking particles ; (c) the particles 
arc smooth and rigid ; {d) no slipping occurs between the particles of 
the li(]uid ; (e) the velocity is small ; and (/) the particles are small. 
Wlnm the velocity of the joarticles is great, the formula does not 
hold. H. S. Allen states that the maximum size of particle for 
water sedimentation is 0-085 mm. or 0-0034 in., i.e. the particles 
should all pass completely through a standard sieve (p. 247) of 
150-mesh. Rittinger gives the following velocities of fall in metres 
for particles of different sizes : 

3-2 C. for rounded grains, 

2-25 (j. for fiat grains, 

2-05 0. for elongated grains, 

2-85 G. for average (mixed) grains, 

where 

s 

wlum S =f:5i)eeifie gravity of solid particles (quartz =2-()5), 

.s' = HpeeiHe gravity of liquid (water == 1), 

<1= Diameter of sphere in metres. 

Kor (fonvenienee it is usually as.sumc(.l that all tlu^ particles 
have the same spee.i tu! gravity, namely, that of (piartz 2-05, in which 
case the rate of settling de])(ui(ls solely on tlie dianu'b-r of the 
])a,rticles. If a eylindrieai vessel 0 in. or lnor(^ in height is ust‘d, 
and tlui total height of the liquid and .solid in thc^ v('ss('l is greatc-r 
than 4 in., Table LIU. may la- usc-d, the dc-pth of li(iui(l laung 
im-asurc'd downwards from the /op. 

'I'.Mti.i'; IjIII. - SuowiNO Si/.i'; oe I’.Mi'rici.i'js which shtti.I'; 

OUT IN 1 )| KKl'HUiNT 'TlMNS 


j Si/.c of 1 

’iirl.h'lcs. 

'riiiU! of ScU linn. 

Depth from Siirfai'e. 

luni. 

in. 


nim. 

ill. I 

O-l 

O’OOa 

i 20 sous. 

MO 

.5-1) 1 

()■(),') 

0-()()2 

1 mill. 

120 

! 

-1-8 j 

()-()l 

()-()()0-l 

10 „ 

!)0 

:}•() ! 




_ 



. __ 
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Fig. 18. — Schoene’H 
elutriator. 


After standing for ten minutes, the upper- 
most 3-6 in. of the liquid is carefully siphoned 
or poured off, care being taken not to disturb 
the material at a greater depth. The residue 
left in the vessel will contain all the particles 
larger than 0 -0004 in. diameter. The residue, 
together with sufficient water to make the 
totel volume the same as before, is well stirred, 
and then allowed to stand for a further period 
of one minute. The uppermost 4-8 in. are 
removed as before ; the residue will contain 
all the particles larger than those correspond- 
ing to the period of sedimentation, i.e. larger 
than 0-002 in. diameter. By repeating the 
process as often as is desired, the particles 
can be separated into any required number 
of sizes or grades. The separation of the 
different sizes of non-plastic materials is 
usually quite sharj), but when much clay is 
present it is usually necessary to rejieat tht'. 
treatment of each fraction several times, and 
even then a small but variable pro])ortion of 
fine sand and silt usually adherers 1,o and is 
carried away with the clay, whilst anotlua- 
equally variable amount of (day is usually 
carried down by the silt and Hue sand. It is 
impossible to prevent this (hdect unless the 
particles can be kept well sc-paratcal and in 
constant motion. Moreover, as a n-sult of tln^ 
short times of sus[)ension, and the time lu'ces- 
sarily taken in (kwanting oj- ixniring oil tlic 
sn])ernatant licpiid, tlie n^sults ol)taiu('(l by 
sedimentation an^ not so satisfactory a.s by 
elutriation, though tliey ar(( often sulliciently 
accurate for general use. (,!ons(api(aitly, 
elutriation is usually prelerabh- to s(‘di menta- 
tion. 

JUlutruUion (tonsists in mixing (Ju- pa,r- 
ticles to be separated with a larger voluim^ of 
water which flows forward at a prc-arrangcnl 
rate, so as to carry away the smaller particles 
and leave the larger ones Ixdiind. The nuithod 
most commonly used in this country is that 
devised by Hchoeno and modified by Hegca-, 
in which a carefully regulatt'd strcaim of watcu- 
is passed through a series of vesseds, such as 
that shown in Eig. 18, so arranged that the 
speed of the liquid may effect a separation of 
the jiarticles into separate groups. iS(q)ara- 
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tion by elutriation appears to be accurate for particles less than 
0-25 mm. (0-01 in.), but not for those larger than 0*5 mm. (0-02 in.), 
this upper hmit being somewhat doubtful. Seger adopted four 
groups for elutriation, as shown in Table LIV. 


Table LIV. — ^.’ELtrTB.iAiiON' (Seger’s Figures) 


Maximum Velocity. 

Extreme Diameter of Spherical 
Particles. 

Manometer Height. 

mm. per see. 
0-18 

in. per min. 
0-43 

mm. 

Below 0-01 

in. 

Below 0-0004 

om. 

1 

in, 

0*4 

0-70 

1-68 

0-01 -0-025 

0-0004-0-001 

8 

3-15 

LHO 

ItesiduG 

3-60 

Residue 

0-025.0-04 
0-04 -0-333 

0-001 -0-0016 
0-0016-0-0133 

50 

19-69 


It is not necessary, in most cases, to use an elutriator for such 
coarse particles as those of 0-333 mm. diameter, and often it is 
quite sufficient to separate only one grade by elutriation, as shown 
in Table LV., due to Mellor. 


Tablk LV.- -Elutriation (Mollor's Figures) 


Maximum Velorily. 

Manometer lleiglit 
for Flint. 

Extreme Diameter, 
Spliorieal Particles. 

.'Vverage, Diameter. 

mm. i)t'r hvc-. 

(TU. 

lum. 

mm. 

0-18 

1 

Bolow 0-01 

0-0063 

0-3 or 2()()-si(W(' 

60 

0-0 1 -0-063 

0-042 

1 2()-.si(^v(' 


0-063-0-l()7 

()-087 




„ 


boswell, using a, niodilication of (Irook’s elutriator, employs 
the (lata in Tables LVI. 


'I’ahlu LVI. Elutre.'\tion (Ho.sweU’s Figures) 


Diaiiulcr oi ttvliiicler. 

llemi 111' Water. 

.iet .\pertiire. 

Diameter oi U rains 
Separati‘il. 

- 


mm. 

mm. 

2 ill. (.7 1 nun.) 

1880 

7 

0-4 


1-100 

3 

0-2 

3 in. (76 luiu.) 

700 

3 

0-1 


R)() 

2 

0-05 
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u.e of -glass are fragile, so that where a large 
to be done the more substantial apparatus 
and shown in Fig. 19, may be used. It consists 
containers of varying diameters, and to whicih 
, jred from a tank at a constant speed. The diameter 
^ vv.xdainer determines the speed of the column of water 
io that the speed will be greatest in the narrowest, and least 
. widest container. By this means, particles of various sizes 
oe readily separated. As the volume of water in Krehbiors 
cvjt^j^aratus is much greater, and other difficulties are caused by 



the different shape of the vessels, the results art^ not so accurate 
as those obtained with Schoene’s or Crook's ehitriators. 

An elutriator for rapid working, devised by T. M. l.iowry, 
consists of a vertical tube, tapering from 25 inin. to 2 mm., a-iul 
cemented at the lower end to a 2-mm. tube about 100 min. long, 
and fitted with a tap. Elutriation is carried out in tlu^ usual wa,y 
(]n 252), and after about thirty minutes tin' c^oarsc' inat(u'ial is 
allowed to settle, the height of the deposited eolunm bCng a 
measure of the amount of coarse material in the sample umku- test. 

The sej^iaration of the finest grains by elutriation may Ix^ (a)m- 
plicated by their tendency to liocculate ; this is esjieeially the 
case with ])articles of clay and silt less than O-Ol mm. dianuda'r, 
though in most cases it is quite unnecessary to s(^])arate jiartieU'S 
finer than this. Buch flocculation may sometimes be avoided 
by adding a little sodium carbonate or ammonia to the water 
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used in the test, but such an addition is o^jen to the objection that 
it may exert a deflocculating action and break up particles of 
naturally flocculated matter. 

The experimental results obtained by elutriation do not agree 
closely with the theoretical results, on account of numerous 
“ variables ” which cannot be considered. Thus, the temperature 
of the water afliects its capacity for suspension, cold water being 
able to suspend or transport larger particles than warm water 
travelling at the same velocity. A temperature of 15° C. is usually 
taken as standard. The amount of material in suspension in a 
given volume of water must also be taken into consideration, as 
a few isolated grains may be moved by a current of less velocity 
than a larger niimber of grains of the same size, so a greater speed 
is required to move grains of a given size where the concentration 
is greater. For this reason, the speeds shown in Table LVI. are 
a little higher than the theoretical figures. The specific gravity 
and the shape of the particles also affect their suspension, though 
the variations in this respect are not so great as might be supposed, 
because the particles of the heavier minerals are smaller than the 
quartz grains of the same weight, so that the product carried over 
by any given speed of flow may contain heavy grains of smaller 
diameter and mica flakes of larger diameter than is anticipated. 

The results obtained are not strictly comparable to those 
(obtained by sifting, as in elutriation the particles present to the 
current the grcato.st ])OHsible area, whereas in screens the lowest 
e.rosH-seetional area determines whether a given particle will pass 
away. 

Partides ol' various sizes may also be separated in a csentrifugal 
se])arator, tlirough which there is a constant downward flow of 
water, i)rovi(l('d the drum or (;ylinder of the separator is relatively 
long in proportion to its diameter. If such a machine rotates 
sulficiently rapidly, and water containing tlu^ solid matter in suspen- 
sion is fed slowly into the to]) of it, ])r(‘feral>ly on to a horizontal 
disc, whidi throws it out on to tlu^ periphei-y, tin' licpild will form 
a hollow (iylind(U’ which moves slowly downward through tlu^ 
s('i)a,rator drum in a spiral dinadion, until it ('vc'ntually passc's out 
through the a.])ertures in the low('r ('inl of tlu' drum. Mcanwhih', 
(■('nl.rifugal force cause's the ])articl('s in susix'iision to travel radially 
outwanls until tlu'y reaedi tin'; inin'r .surface' e>f tJu^ S('parat-e)r, te) 
whie'h tiu'y a-elhcre'. As the ea)ar.sesi partiede's will re-ae-h the' surfa.e'o 
e)f the' se'])a,rat-e)r first, and the' oilu'rs a.t late'r intervals, ele'pe'iiele'iit 
e)n tlu'ir size a,nel sjx'ealic gravity, it will he Ibunel, afte'r ])assing 
a suitable' epiantity e)f material threuigh tin' ,se'parat.e>r, that the* 
sus])e'nelcel partiedes have' all been re'uioved fre'in theliepiiel, and have' 
been arrange'el in series e)n the inte'rie)r e)f the separate)!'. If tlu' 
separat.or is fitted with a loease lining, e'e'iisisting e)f a mmiher of 
segments, these c'an be so arranged tJiat eae'h I'air of sc'gnu'uts 
c'ontains particles of a definite size. The water flowing fre)m the 
separator is quite clear if the separation has been properly elfected. 



MINATION 0^ SANDS 


3lay and silt are not required, a 
lachine will enable them to be 

wcuuui uocu. uy this method is much less than 
id the results appear to be quite satisfactory 
ne rotation, the amount of the material and water, 
which they are supplied are kept constant. 

rglcal Examination. — For many purposes it is important 

...v^ertain what minerals are present in a sand and, where 
practicable, the approximate proportion of each mineral. This 
can be done to a large extent by means of chemical and mechanical 
analysis, aided by a microscopic examination (p. 241), but in some 
instances other methods are preferable. The most important of 
these are — 

1. Separation by vibration. 

2. Panning or hydraulic separation. 

3. Separation by heavy liquids. 

4. Magnetic or electromagnetic separation. 

5. Electrostatic separation. 

Separation by Vibration . — A method of separating heavy from 
light minerals in sands of nearly uniform size, suggested by H. B. 
Milner, consists in placing them upon a piece of white glazed paper, 
and giving the paper a circular motion with one Inand and taiiping 
it with a pencil in the other, at a frequency ascertained by trial. 
This gives a good separation if small (piantities arc^ tak(>n. 

An improved method consists in using a thin metal plate 
supported by an iron clamp and vibrated ra^hdly, the result desired 
being obtained by means of a tuning-fork of the same frecpieney 
as the metal plate. 

Panning the old method employed foi- working m(4',al]if(u‘ous 
sands and is dejiendent on the fact tliat, if water containing sand 

is pla(i(ul on a sliallow pa,n 
20), and given a ciren- 
Jatory motion by uuains of 
the arms, the lighter jiarticles 
are ke])t in suspension and 
gradually washed over ih(' 
Fill. 20.-— WaHliinfjr-pan. sidi's of tlu^ pan, wliilst tlu^ 

heavy inirn'rals rcunain at tlu^ 
bottom. A very convenient pan is one about 3 in. de('p and 
12 in. diameter at the top and about S in. diametcu- at ilie 
bottom. In some cases a conical v(\ssel is employed, and is 
even more satisfactory than one with a flat bottom, though moni 
difficult to manipulate. With either of th(\se vessels 4-7 lb. of 
material may be treated at once, and most of tln^ grains having a 
specific gravity greater than 3 can he retaiin'd, all those of lower 
specific gravity, including the quartz, being almost wholly removed. 
This method is suitable for particles between ()-()04 and 0-()4 in. 
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diameter ; with larger iDarticles the separation is less complete, 
though if they are only present in small proportions they do not 
seriously interfere with the result. Particles less than 0-004 in. 
diameter are usually lost by this treatment unless they have a 
very high specific gravity, such as gold. On the whole, panning 
is a very satisfactory method for concentrating the heavy minerals 
in a sand consisting chiefly of lighter material. It has the great 
advantage of not requiring any elaborate apparatus, and so is 
invaluable to prospectors in out-of-the-way places. 

Separation by Heavy Liquids . — Minerals may also be separated 
according to their specific gravities by the use of liquids of different 
specific gravity. Table LVII. shows the specific gravity of various 
heavy liquids which are useful for this purpose. If a weighed 
quantity of sand is introduced in small quantities at a time into 
one of those liquids contained in a conical glass funnel, provided 
with a tap or stop- cock at its lower end, stirred vigorously and 
then allowed to stand, all the particles having a lesser specific 
gravity than the liquid will remain in suspension, whilst the heavier 
materials {i.e. those of greater specific gravity than the liquid) 
will sink to the bottom of the vessel. The tap is then opened 
and the heavy minerals run off on to filter paper, after which the 
tap is closed and more material put into the funnel until the whole 
has been separated into two parts. The residue can be cleaned 
with benzene or water, dried rapidly, and weighed. Thus, heavy 
minerals can be separated from quartz by means of bromoform, 
and, if necessary, they can be further classified by the subsequent 
use of other heavy liquids. 


Tablk LVII. — ^Specifig Gravities of Heavy Liquids 


Liquid. 

Sprdllc. 

(Jravif.y. 

I\l(dtiiig 

Point. 

Ifow Used. 

Bromoform 





Ac'.otylone totrabrorniile 

:m) I 



Diluted with 

Mothyleno iodide .... 
Metliylono ioditle and iodine 

:T:i:n 
:i-G J 



henzene. 

Mercury potasaiurn iodide 

:i-2 -1 




Cadmium borotungatate 

.•5 -2.5 




Barium mercury iodide 

:{•.') 1 



Diluted with 

MorcurouH nitrate (cry.st.) * . 

4-. 2 1 

70" C. 


water. 

'Thallium silver nitrate * 

I-.-) 

T.T' C. 



Thallium morcury nitrate * . 

.v;} J 

70" C. 




* TluiHi^ imiHi b(i u.sud al a l^cnipcraiure iihova their m(3ltin!' p{)iut-. 'I'lu! .specille gravity of 
thu Ihiuid-H .should he deLentiiiusl oudi time they arc used. 


The solutions which can be diluted witli benzene arc usually 
the most convenient, on account of the ease with which the residues 
can be washed with benzene and dried. Merciury solutions have 
the disadvantage of being poisonous, cadmium borotungstate 
readily crystallises, and the solid salts need to be used at higher 
temperatures and so have many disadvantages. 

VOL. I s 
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rt^iiicli is sometimes employed for the rough, 
.^..portions of several minerals of various specific 
in forming a diffusion column by partially filling 
ivith a concentrated heavy liquid, and then filling 
ig part of the jar with a diluted solution. This is allowed 
„ out twelve to twenty-four hours until there is a gradual 
in sp.ecific gravity from that of the concentrated liquid 
ttom to that of the diluted liquid at the top. The test 
oy dropping in a small sample and noting the heights at 
ich the particles collect, fragments of known specific gravity 
ng dropped in as guides. By this means a rough idea of the 
„m.erals present may be ascertained. 

The following solutions, according to Crook, are useful for this 
method of separation : 

Spoclllo 

Gravity, 


1. Bromoform diluted -with benzene to 2-6-2-() 

2. „ alone 2'90 

1, Methylene iodide diluted with benzene to . . . . . 2-5-2'0 

2. „ ,, alone 2 •30 

1. Thoulet solution (Potassium mercuric iodide) diluted with water to 2 ‘ 5 - 2-0 

2. „ „ „ alone . . , 3 -18 

1. Klein solution (Cadmium boro tungstate) diluted with water to . 2'C-2-0 

2. „ „ „ alone . . . . 3-28 


Magnetic Separation . — Some of the minerals found in sands 
possess magnetic properties, so that it is possible to separate 
them by the use of a magnet, or preferably an electro-magnet, 
with the poles ending in thin edges and capable of being movcul 
so as to be spaced at varying distances apart. 

A useful magnet described by T. Crook consists of two limbs, 
each 1 in. diameter and 4 in. long, wound with seven layers of 
16-gauge wire, each layer having about forty turns. The two 
adjustable pole-pieces should be 1 1 in. wide and 1, in. thick, slotic'd 
so as to be moved nearer to, or further from, each other, and secured 
by screws to the limbs. An 8-volt battery is quite sufficient for 
this instrument. 

In use, the magnet is suspended over a smooth cardboard 
tray containing the sample to be examined. If desired, the most 
magnetic ^particles may be removed with a permanent magnet, 
and the “ moderately magnetic ” grains (p. 224) then removed 
by means of an electro-magnet with its poles about | in. apart. 
Afterwards, the poles of the magnet may be placed only ] in. or 
rather less apart, and the “ feebly magnetic ” minerals (p. 224) 
may then be separated. The residue may be regarded as practically 
non-magnetic. 

Electrostatic Separation . — The separation of minerals according 
to their electrical conductivity depends on the fact that minerals 
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having a high electrical conductivity are affected by an electric 
charge, whilst bad conductors remain inert. The apparatus 
recommended by T. Crook consists of two copper plates a few 
inches square, one of which has one surface coated with a layer 
of shellac, which is continued over the edge of the plate, forming 
a narrow strip on the opposite surface. The shellac-coated surface 
of one copper plate is placed next to the uncoated surface of the 
other, but is separated from it by two pieces of glass coated with 
shellac. The upper plate is charged electrically by means of an 
electrophorus, consisting of a plate of ebonite, resin, sealing-wax, 
or shellac, on a metal base and a circular metal disc of the same 
diameter with an insulated handle. If the plate of the electro- 
phorus is rubbed with a flannel or piece of fur, a negative charge 
of electricity is induced in it, so that on placing the metal disc 
on its lower surface it is charged positively, and a complementary 
negative charge is given to the outer surface. This is removed 
by touching it with the finger. A small quantity of the sample 
of sand to be examined is placed on the upper side of the lower 
copper plate of the pair previously mentioned, and the disc to 
which the insulating handle is attached is placed upon the upper 
copper plate. The minerals which are good conductors of electricity 
will immediately adhere to the upper plate and can be removed 
therefrom, whilst the non-conductors remain on the lower jdate. 
For accurate work, a larger apparatus operated by a more ]mwerful 
current is preferable, but the simple device just described is often 
useful, es]oecially if the test is applied to a sample from which the 
greater part of the quartz has been removed by panning (p. 25(5), 
or by means of a heavy liquid (p. 257). 

Specific Gravity. — The specific gravity of sands, or the mincnals 
therein, is determined either by the use of heavy liquids as described 
on p. 25H, or by means of a specific gravity bottle. In the lattcu' 
method, the most convenient form of s]X!cilic gr-avity bottle consists 
of a small flask, with a neck graduated from (55 e.c. to SO e.e., into 
which exactly 50 c.c. of water is introduced by itu'aiis of a pi])etto. 
Then exactly 50 grams of the sand arc platxMl in tlie bottle and 
the height of the column of water in the neck of tlu^ bottk'. is n^ad. 
As the volume of liquid displaced by the sand is ecpial to the volume 
of the sand, the specific gravity is found by divicling the weight of 
the sand by the volume of Ihpud disjjlaced. ddius, if 50 grams 
of a quartz sand cause the water in the bottle to ri.sc^ to th(^ 
(58-8 e.e., mark, that weight of sand must occupy a volume of 
68-8 -50 = 18-8 e.e., so that its specific gravity is 50— 18-8 = 2-G(). 

Apparent Density. — The a])])arent den.sity of a ma.ss of sand 
is determined by weighing a vessel of known (!a])aeity, lilling it 
with the sand, and then re-weighing. The weight of the saml" in 
grams divided by the capacity of the vessel in c.c. is the apparent 
density. 

Volume-weight. — The volume-weight of a mass of sand is 
determined in the same manner as the apparent density, but a 
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ally employed. The weight of the sand in pounds 
pacity of the vessel in cubic feet gives the volume- 
^ ^.As per cubic foot. Alternatively, the weight of the 
^Tams divided by the capacity of the vessel in litres gives 
v^^anie-weight in grams per litre. To convert “ apparent 
cy ” into “ volume -weight,” multiply it by 6242 to obtain 
result in pounds per cubic foot. Conversely, to calculate the 
_.j^_^arent density from the volume-weight in pounds per cubic 
foot, multiply the latter by 0 •016. 

Refractoriness. — ^The refractoriness or resistance of a sand to 
heat (p. 229) is tested by mixing it with dextrin and water to form 
a paste, which may then be moulded into small 
tetrahedrons of the same shape as Seger cones 
(Fig. 21). These cones are dried and placed side 
by side with suitable Seger cones on a slab made of 
china clay and bauxite mixed into a stiff paste with 
water. The “ cones” are pressed on to the surface 
of the slab so as to penetrate it slightly and so 
receive sufficient support to prevent them from 
falling. The slab with the cones is then placed in 
an electric, gas-blast, or Deville furnace until the 
test-piece bends over until its point just touches 
the base line of the support on which it stands. 
The number of the Seger cone which bends to the 
same extent under the same conditions as the test- 
piece indicates the refractoriness of the sand. 

If the cones have all bent before the test-piece, a 
Fig. 21.— Seger fresh experiment must be made using a higher series 
cone. of cones, whilst if none of the cones bend before 
the test-piece, a lower series must be cm])loycd. 
Sometimes, instead of regarding the limit of refractoriness as shown 
by bending, it is taken as the temperature at which tlie sharp 
edges of the cones become appreciably rounded as a result of fusion. 
It is therefore necessary in reporting a test, or in considm-ing the 
reports of other tests, to know exactly which standard is taken 
before a satisfactory comparison can be made. 

The heating must be slow and carefully eonti'olled if an accurate 
result is to be secured, the most suitable rate of hcaiting being 
a rise of about 10° C. per minute. 

It is sometimes preferable to emiiloy a pyrometer, so thai 
accurate information as to the actual temjieraturo at the indicuitin^ 
point may be obtained, though this is liable to error, because tin 
pyrometer attains the temperature of the furnace much soonei 
than the interior of the test-piece, whereas the advantage of Hegei 
cones lies in the fact that their tom])eraturo rises at ai^proximateb 
the same rate as that of the samples. 

It is sometimes desirable to separate the sand into two portioni 
by means of a No. 150 or No. 200 sieve, and to test the heat resistanG( 
of each of these portions separately. For instance, by such i 
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sifting the coarser and usually more refractory materials are removed 
and the finer and more fusible ones are isolated, so that their 
fusibility and its effects are more marked. In moulding sands, 
for example, where it is not the refractoriness of the sand as a whole 
that is required, but only its tendency to fuse in places, this separa- 
tion of the more refractory constituents is of great value. The 
refractoriness test on either or both portions is carried out in the 
same manner as on the sample as a whole. 

Melting Point. — When the true melting point of a sand or of 
one of its constituents is to be ascertained, only a few grains of 
the material can be used. Consequently it is necessary to view 
them through a microscope in order that their fusion may be 
clearly observed. Por this purpose Doelter’s electrically heated 
furnace may be used. It consists of a small electrically heated 
cylinder, which forms the furnace, the material being supported 
on the end of a stick of bauxite or graphite, or placed in a capsule 
(which must be considerably more refractory than the sample 
to be tested), with the hot junction of an electric pyrometer below 
it. The heat from the furnace is prevented from affecting the 
microscope objective by placing a disc of transparent quartz glass 
on top of the furnace. The remainder of the microscope may be 
shielded by asbestos sheeting. The sample is viewed through a 
microscope mounted above the furnace, the temperature at which 
it begins to lose shape being ascertained by means of the pyi’ometer. 
Unless the temperature is raised very slowly, it is necessary to 
have two observers — one to note the tein])erature recorded by the 
galvanometer, the other to look down the microscope and report 
when the fusion commences. It is necessary to make several tests 
so as to secure the requisite accuracy, as the chances of error when 
woi'king on such a small scale arc very large. 

As the amount of material used in this test is necessarily small 
(or the completeness of the fusion could not be observed with 
sufficient ])romptitudc), the resrdts ar(‘ usually lowc^r than those 
obtained by the use of Seger cones. This dilTcrcmce between the 
fusibility and the refractoriness (h a sand is due to the' fa,ct that the 
term “fusibility” is a])plicd to tlie true melting point of individual 
particles, whereas the term “ refractoriness” is a]>])li<'d to a mass of 
sand into which heat cannot penetrate' so rc'adily as it does into 
individual grains. If the heating in the rc'fraetoriness test cicndd 
1)0 sufficiently ])rolonged at thc' melting point of sand, the figures 
foi' refrae.toriness and melting point would c-oineidc' ; this is, howevc'r, 
impracitieable with a mass of sand, so that tlu^ ligurc's differ as 
stated. 

Porosity. — The total volume of the voids or pores in a mass 
of sand varies with the extent to which the sand has been com- 
pressed. Consequently, great care must be taken to reproduce 
the test under the same conditions as those under which the sand 
is used. For instance, the j)ore-space in a cubic foot of sand 
contained in a vessel 12 in. by 12 in. by 12 in. will not be the same 
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as in a vessel 432 in. by 2 in. by 2 in., because the sand in the lower 
half of the latter vessel will be under considerably greater pressure. 
For the same reason, there will be less pores in a mass of tamped, 
rammed, or compressed sand than in an equal weight of sand 
which lies “ loose ” in a shallow heap. 

The volume of the pores in a loose sand may be determined 
by placing a measured volume (say 600 c.c.) of the sand in a graduated 
glass cylinder (Fig. 22) holding 1000 c.c., avoiding undue compacting 
by pressing or shaking. From another mea.suring-glass a suitable 
volume, say 300 c.c., of water is poured into the first glass and the 
level of the liquid measured. The percentage of voids in the sand 

is found by adding the volume 
of the water to the volume of 
the sand, and deducting the 
volume representing the final 
level of the water from this 
total. Thus, if 600 c.c. of sand 
and 300 c.c. of water are used, 
and the iinal level of the water 
is at the 800 c.c. mark, the volume 
of voids equals (600 + 300) - 800 
= 100 c.c. Hence, 600 c.c. of sand 
contain 100 c.c. of voids ; that is, 
the percentage of voids equals 
16-7 per cent by volume. If 
the porosity of a compressed 
sand is to be determined, the 
same procedure is adopted, but 
the sand is iirst coini^ressod to 
the desired extent in a 'vessel 
in which its volume can bci 
accurately measured. (Jai'e should 
bo taken — |)ai'ticularly in tlu', cuise 
of a slightly compressed sand — 
not to separate the ])artielos by ])ouring in the watei- too I'a^jidly. 
To avoid this, it is sometimes ])roferablc to admit the water through 
a tube entering near the bottom of the vessed containing tlui 
sand. This method of determining the porosity of a sand is not 
entirely accurate, as it is impossible to drive out all the air 
without disturbing the position of the sand grains ; in some cases 
as much as 10 per cent of the pores may be left filled with air, and 
the reported porosity may be low to this ('xtent. The theoretical 
porosity of a sand may be estimated fi'om tlu' a])]mrcnt density 
(or volume-weight) and the specific gravity as 

100 (S-A) 

^ ~ S 

where P=the percentage by volume of the pores, S=true specific 
gravity, A = apparent density. Thus, a sand with specific gravity 


_H EIGHT ^FTER 
ADDITION OF 
WATER 


6oo;cc.; 


300 c<t- 
WATETVr 


Fia. 22. — Porosity tost. 
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2-54: and apparent density 1*187 will contain theoretically 53 per 
cent by volume of pores, but the pores which can be filled with 
water would be somewhat less than this proportion. Moisture in 
a damp sand will reduce its porosity, and should therefore be 
determined. The porosity may then be calculated from the 
following formula, suggested by Taylor and Thompson, in which 
W =the weight of exactly 1 cu. ft. of the moist sand, P=the per- 
centage of moisture in the sand, and S =the true specific gravity 
of the sand. 


Per cent of absolute voids = 



100 . 


The air voids may be found by deducting from the percentage of 
absolute voids, the percentage volume of moisture ; the latter is 
found from the formula 


Per cent moisture by weight x weight of 1 cu. ft. of material 

__ . 

Table LVIII., due to Taylor and Thompson, shows the percentage 
of voids for sand of different weights per cubic foot and different 
moisture contents. 

Permeability is a term used to indicate the extent to which 
gases or fluids will pass through a bed or layer of sand of certain 
thicloiess. It is specially important in connection with moulding 
sands and sands used for filter-beds. 

A very satisfactory method of testing the permeability of a 
sand, used by the author, is carried out on the following principle : 

A circular metallic box (Fig. 23, p.265), 3 in. diam. and 1|- in. deep, 
with a flanged rim at the top, has the bottom cut out and replaced 
by a piece of wire gauze of any suitable mesh. On this gauze is 
laid a sheet of thin blotting-paper, and the case is filled with the 
sand to be tested, to a height of exactly 1 in., care being taken 
that it is as nearly as possible in the same state of compression 
as it is when in use ; thus, moulding sands will need to be tamped 
so as to secure the necessary compactness. In testing sands of 
this kind, the author, in order to preserve the conditions of normal 
ramming, usually places the empty case in a larger mould in course 
of formation, and removes it when filled, the space left in the 
larger mould being afterwards repaired. A second sheet of blotting- 
])aper is laid on the sand and a flanged jjipe is then clamped firmly 
on to the case, care being taken to avoid breaking the structure 
of the sand. Water is poured gently into the flanged tube to a 
height of exactly 40 in. (or exactly 1 metre) and the appliance is 
suspended above a glass measure. The time taken for 100 c.c. 
of water to flow through the sand into the receiver is a measure of 
the permeability. In more exact experiments the level of the water 
in the flanged tube must be kept constant. If care is taken in 
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Table LVIII. — Pobosity oe Moist Sand 


Weight of 

1 cu. ft. 
of Sand.* 

Percentages of Absolute Voids in Material containing 
Moistures by Weight.'! 

Moisture hy 
Volume 
(iorrespondlng 
to 1 per cent 
l)y Weight. 

70 

0 per cent. 
57-6 

2 per cent. 
58-4 

4 per cent. 
59-3 

0 per cent. 
60' 1 

8 p('r cent. 
Old) 

1-] 

75 

54-5 

55-4 

56-4 

57 -3 

58'2 

1-2 

80 

51-5 

52-5 

53-4 

54'4 

554 

1-3 

81 

60-9 

51-9 

62'9 

53 -9 

54-8 

1-3 

82 

50-3 

61-3 

52-3 

63-3 

54-3 

1'3 

83 

49-7 

50-7 

51-7 

52-7 

53-7 

1-3 

84 

49-1 

60 1 

5M 

62'2 

53 -2 

14. 

85 

48-5 

49-5 

5()-(5 

51-6 

52d) 

1-4 

86 

47-9 

48-9 

50-0 

51 ■() 

52 d) 

1-4 

87 

47-3 

48-3 

49-4 

50-4 

51-5 

14 

88 

46-7 

47-7 

48-8 

49-9 

50 d) 

1'4 

89 

46-1 

47-1 

48-2 

49-3 

50-4 

14- 

90 

45-6 

46-6 

47-6 

48-7 

49 -8 

14 

91 

44-8 

45-9 

47-0 

48-2 

49-2 

1-5 

92 

44-2 

45-4 

46-5 

47-6 

48-7 

1-5 

93 

43-6 

44-8 

45-9 

47 d) 

48-1 

1 '5 

94 

43-0 

44-2 

45-3 

46-5 

47 di 

1'5 

95 

42-4 

43-6 

44-7 

45 '9 

47 d) 

1-5 

96 

41-8 

43-0 

44-1 

45-3 

46 '4 

1-5 

97 

41-2 

42-4 

43-6 

44 '7 

45 d) 

Id) 

98 

40-6 

41-8 

43 -O 

44-2 

4 5 '3 

Id) 

99 

40-0 

41-2 

42'4 

43 d) 

444 

Id) 

100 

39-4 

40-6 

41-8 

43 d) 

44'2 

Idi 

101 

38-8 

40-0 

41-2 

42 '5 

43-7 

1 di 

102 

38'2 

39-4 

41) '7 

4 Id) 

43-1 

Idi 

103 

37-6 

38-8 

40-1 

41 dl 

42-5 

1 di 

104 

37-0 

38-2 

39-5 

40 -8 

42 d) 

1 '7 

105 

36-4 

37-6 

38-9 

dO-2 

4 1 -4 

1 -7 

106 

35'8 

37-0 

38-3 

39 d) 

4()d) 

1 '7 

107 

35 '2 

36-4 

37-7 

39 d) 

40-3 

1 '7 

108 

34-6 

35-9 

37-2 

38-5 

39 -7 

1 -7 

109 

33 '9 

35-3 

36 -6 

37 d) 

39-2 

1 -7 

110 

33 '3 

34-7 

36-0 

37 '3 

38-7 

1 -8 

115 

30'3 

31-7 

33-1 

3d -5 

35 d) 

1 '8 

120 

27-3 

28-7 

3()-2 

3I'(i 

33-1 

1 d) 

125 

24'2 

25-8 

27-3 

28-8 

30 '3 

2d) 

130 

21-2 

22'8 

24-4 

25 d) 

27-5 

21 

135 

18-2 

19-8 

21-4 

23-1 

24-7 


140 

]5'2 

1()'8 

18-5 

20-2 

2 Id) 

2-2 


* Tlia table is based on siuid liaviiiK a sixseillo (inivlty ol' I'd!. 

t The perceiitaRes of absolute voids Kiveii In tlie above eoliiiiins include I be space occupied 
by both tlie air and Hie moisture. To determine tlie percenlane ol' air space, iiiiilHiilv the 
llCTre in the last column, opposite the weiKht of .sand under consideratiou, by tlie perceiiliiKe 
of moisture by weight, and deduct the re.sult from tlie iiercentagc of alisohitc voids already 


making the test, a serie.s of results from tlic same sand are very 
concordant. 

In testing moulding sands by this UK'thod it will ho found that 
whilst the results made by the same moulder are very constant, 


STRENGTH TESTS OE SANDS 


those with cases filled by different moulders differ so greatly tha. 
no comparison is possible. Hence, in testing fresh deliveries of 
sand, it is important that all the test- 
pieces should be made by the moulder 
who is going to use the material. At 
the present stage this test is of value 
in works for the manager’s own use, 
but not for comparison with the results 
obtained by others, the differences ob- 
tained by unconscious variations in 
manipulation being so great. In a 
modification of this test the author 
endeavoured to substitute air in place 
of water, but the variations in the 
amount of air penetrating tlirough the 
same block at different times, as well 
as with different tests of the same sand, 
made the use of air appear impractic- 
able. C. P. Karr claims to have obtained 
concordant results with air by means 
of a similar apparatus, but he tamps 
the sand by means of three blows de- 
livered by a weight of 14 lb. falling from 
a height of 2 in. 

Sharpness. — The sharpness of sand 
cannot be expressed numerically, but 
a careful microscopical examination 
will usually enable the relative angu- 
larity of th(^ grains of two samples to 
be (lomjvared in a few minutes. 

jStrength. — The measurement of the 
tensile, com])ressive, and transverse 
strengths is useful in some ease.s, but 
usually the value is very low and the 
errors of experiment are so gn^at as to 
destroy th(^ value of thc^ results. 

Tlu^ greatest difficulty is experienced 
with sands which are prae-tieally frec^ Kio. 2:!. - Pormeability U'.st. 
from (fay, as these have no binding 

])ower, and therefore a mass of such sand has little* or uo 
strength, though that of the individual grains may Ik* (*noi*nu)us. 
Consequently, tests of the strength of sand arc' usually limited to 
(a) inquire sands containing a eonsidicrable proportion of ela,y — 
such as moulding sands, and (b) mixtuncs of sand with Portland 
cement or lime, such as arc used in conecrete and mortars. Al- 
though the latter does not show the str(*ngth of tlu' sand alone*, 
it is often useful for comparative f)ur])oses. 

The compressive strength or resistance to ei'ushing may bo 
determined by ascertaining the maximum weight which can bo 
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carried by a cube of sand with 2-m. sides, the weight being applied 
in the form of a light aluminium cylinder with a base larger than 
that of the cube of sand. Water or mercury is run into the cylinder 
until the cube of sand loses its shape ; the weight of the cylinder 
with its contents then represents the pressure applied to the cube 
of sand. So far, the results, though interesting, are far from 
constant with different batches of the same sand, though consecutive 
cubes made from a small sample yield concordant results. The 
compressive strength of mixtures of sand with cement or lirue 
should be made in a hydraulic press designed for the purpose, as 
the pressure required is greater than can be applied accurately 
by means of a simple weight. It is usually better to have such 
tests made by an expert. 

The transverse strength of a sand is determined by making bars 
of the sand each 1 in. square in section and 4| in. long. These 
bars are placed on knife-edge supports, 4 in. apart and loaded 
in the centre by means of a Imife-edge to which is attached a small 

pan of aluminium, into which shot 
or mercury may be j)ourcd. The 
breaking stress is reported as 
pounds, or fractions of a pound, 
per square inch cross-sectional area 
of the test-piece. This test is ver-y 
delicate on account of the low stress 
required. 

Another simple method of test- 
ing the transverse strength of a 
sand is to make a number of t(^st- 
piecos 1 in. scpiarc in cross-scuddon 
and about 12 in. long. They should 
be placed on a glass |)late {uul 
gradually i)ushed over th(' (vlgc^ ; 
the amount which ovei'hangs before^ 
breaking is a rough mcaisure of tlu; 
transverse strength of the sand. 

The tensile strength of a sand 
is determined by ])la(!ing a tc^st- 
j)iee(i of the sha])('. shown in kig. 
24, which is made in a mould 
of suitable sha])(n Tlu^ mould is 
slightly oiled and ])lae(al on an 
oiled ])late of glass or nud-al, and 
inoT’o than sullieient sand or mix- 
ture ^ to fill the mould is put in by means of a trowel and tamptal 
carefully until the mould is lilled evenly, and the water I'ises to the 

^ It is seldom possible to detormino the ttuisihi strength of a clean dry 
sand, except by mixing it with a dellnite proportion of f’ortland eoment and 
water and comparing the tensile strength of the product with that of similar 
mixtures composed of other sands. 
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surface, giving it a shiny appearance. The superfluous paste is then 
removed by drawing the edge of the trowel across the top of the 
mould. Care should be taken that the mould is not vibrated 
during the test, or the strength of the test-pieces will be reduced. 

Moldenlm employs a separable frame of hardwood 1| in. thick. 
This frame may have one or more spaces, so as to produce any 
convenient number of test-pieces at a time. Each space is loosely 
filled and heaped with the sand to be tested. The sand is then 
compressed with a hand-rammer to | in. over the top of the frame, 
and this surplus is struck off flush. Strips of wood the size of 
the test-pieces and exactly ^ in. thick are laid on the sand over 
the spaces and are pressed flush with the frame so as to compress 
the already slightly packed sand and make the test-pieces exactly 
1 in. thick. The frame is then taken apart and the test-pieces 
are ready for use. For mixtures of sand with cement or lime a 
brass mould is to be preferred. 

In testing the strength of sands, the proportion of water used 
in mixing must be taken into consideration. The effect of different 
proportions of water is shown in Table LIX. by Moldenke. 


Table LIX. — Effect of Watbb on the Strenoth of Sands 


Kind of Sand . 

No. of 
Samples. 

5 per cent 
Water. 

7i per cent 
Water. 

] 0 per (amt 
Water. 

Dry Sand. 

Fine 

18 

()'13 

()-l(5 

oa5 

1-28 

Modiuin . 

1.0 

()-7() 

0-22 

O'll 

1-G8 

Coarse 

48 

()-42 

o-:u 

0’24 

1-88 


TlU! Iluiirct Kivciv in Hlroiifif.li of (.lu? hiuuI in iiomicls |)or s(|unr(‘ iiu'li. 


A large proportion of water in coarse sands is relatively more 
detrimental than with Hm^i- sands, as the coarser ones have a 
smaller sui'face ai'ea. 

If Portland cement is used a.s a bind(M- the test-])iec‘.e should 
be kept under watei’ at a uniform teni])erature until ready for 
testing. If this is not desired, the tc'.st-puv.es should Ix^ ke])t in 
a dani[) atmosphere for at least tw(‘nty-four hours before testing. 

Tlu^ t(\st-|)i(U'-e is ]ilac('d bcitween the jaws of a ttmsile machine, 
such as that shown in Fig. 25, and tension is ap])lied by means 
of shot which is poured into a metal can until tlu^ test- piece is broken. 
The load at the time of breaking is noted and tlui strength of the 
sample rc^ported as ])ounds ]:)er sq. in., or in other convenient terms. 
The vai’ious strengths of sands are xisually Gom])ared with those 
obtained by using ‘‘ Standard Leighton Buzzard yand.” 

Viscosity. — The rate of flow of a sand may be determined by 
passing a known quantity of it through an orifice of definite size 
and noting the time taken. Various sands may be compared in 
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this way, the time taken being a measure of the viscosity or rate 
of flow. It is essential that the same vessel should be used through- 
out the whole series of tests, as several factors, such as the shape 
of the cylinder, the nature of its interior surface, etc., can seriously 
affect the result (see p. 225). 

In spite of the difficulties experienced in testing sands and in 
formulating satisfactory conclusions from the results of such tests, 
their value is unquestionable, and as users accustom themselves 
more and more to the study of the properties of the sands they 



use, the greater will be the progress made. Thc^re is an iucix'asing 
tendency to detailed standardisation of the different sands (Mn])loy('(l 
abroad, especially in connection with moulding sands, on aticoiint 
of the common use of artificial mixture's, l)nt in this country tlu'rc' 
is such an abundance of natural sands which are sufficiently suitabhy 
both as regards composition and physical ])roi)erties, that tlu'rc' 
is less inducement to improve these natural materials. Nevertlu'h'ss, 
a careful study of the sands used for different ])ur])os('s is very 
nece.ssary for efficient work. The chief diflieiilty is that tlu' most 
effective tests are beyond the capability of the ordinary user, 
but this does not make their use unnecessary ; on the contrary, 
they should be carried out by a suitable expert. 



CHAPTER VII 


PROSPECTING, MINING, AND QUARRYING SAND 
AND SAND-ROCKS 

In searching for sands it is of great importance that the prospector 
should have a good geological knowledge, so that he may loiow 
where to expect sands suitable for his . purpose, and what kind 
of sands are likely to occur in any particular formation. The most 
important general information of the geology of sands has been 
given in Chapter II. 

A rough idea of the situation of the sand deposits in the United 
Kingdom may be gained by a study of geological maps, such as 
those ])ublished by the Geological Survey ; more detailed informa- 
tion, however, can cmly be obtained by a careful study of the site 
itself, taking advantage of the clues provided by the hills, valleys, 
cuttings, old quarry faces, etc.. 

In order to ascertain whether any sand deposit is likely to bo 
of commercial im])ortancc, it is necessary to obtain the following 
information : 

The extent of the bods must be found by a careful study of 
the surrounding land. Any exposur(‘.s of the beds, such as in old 
quarry faces, etc., should be examined to se{^ whether tlu^ particulai’ 
bed under consideration is ju'csent, and, if so, its thickness and 
whether it is laurdily accicssible. 

The slope' of th('. beds in dilh'remt loc.alitie's will give some idea 
as to theii' ('xtent. Thus, if tlu' beds are horizontal, tlu'y may 
extemd for a eonsiderabk^ di.stanceu whilst if tlu-y slope' at a ste'e'p 
angles the^y may e)nl v be' accessible^ e)ver a veu'y short ai'e'a e)u aee'ount 
e)f the' thie'kneiss e)f tlm e)veu'burel(‘n. In se)mee euiseis it may be fe)unel 
that a beal be'.e'.e)mees thieikeu' in e)ne' elire'ediem anel thins e)ut until 
it elisai)peai's in aneetheu' elii-eaitie)!!, e)i' it may e-hange' in eiuality, 
being valuable^ in e)ne^ part e)f the heel but epiitei useless in ane)ther. 

Faults, fi'actures, slips, hitc-hes, ete;., eauiseel by voletanic e)r 
e)theu’ actie)n may have oecurreel in the^ elistrie't anel may have 
brokem up a beel, thereby e'.ausing tre)ublei in pre)S])ecting tor anel 
in e)btaining the material. Such occurrences must be carefully 
studied, their elii'ee‘hie)n being recordeel e)n a maj^ drawn to a 
sufficiently large scale. 
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In some cases it may be found that a huge mass of rock may 
he intruded into a deposit, and careful study is then necessary 
in order to determine where the most accessible parts of the sand 
deposit lie. 

If the deposit is near the surface of the ground, it is necessary 
to know what q^uantity of overburden or “ callow ” lies above the 
bed in different localities. Thus, in some jcarts it may be only 
a few inches, whilst in another part of the property it may be many 
feet in thickness, rendering the winning of the sand much more 
difficult and costly. 

It is therefore necessary in prospecting a bed of clay to map out 
carefully the whole area in both horizontal and vertical directions, 
indicating upon the maps the depth of the deposit below the ground 
in different localities, the inclination of the deposits, their thickness, 
and other important information. By this means the value of 
a deposit may be ascertained with some degree of accuracy, and 
arrangements can be made for it to be worked in the most economical 
and remunerative manner. 

It is desirable to divide the area to be examined into a consider- 
able number of equal parts and to make a pit or boring (infra) 
in the centre of each. The number of pits or borings may be 
minimised by a careful examination of the deposit by other means, 
as such borings are very expensive and some parts may be left 
untested in order to economise expenditure, but it is important 
not to take too great risks in this direction, otherwise a deposit 
may be found to run out after only a very short period of working. 
The results of any pits or borings made should be noted upon the 
maps of the deposit, and the spaces between the borings filled in 
as accurately as circumstances permit. 

Boring. — For testing de230sits which lie at a considerable depth 
below the surface the use of some type of boring apparatus is 
necessary. As these are costly, require some skill in use, and are 
only wanted temporarily, it is better to emp)loy a fu'in of professional 
borers who will do the work for a definite price. 

The apparatus used for making such boiings consists of a 
core drill, which is a long tube, the lower end of which is fitted 
with a cutting edge or, preferably, with diamonds, so arranged as 
to produce a core which can be removed either in the drill oi‘ 
separately. They are usually started by hand and are then con- 
tinued by machinery. 

The examination of the material obtained by boring is by no 
means easy, as in the first place the passage of the tool may cause 
some admixture of different strata and so produce an incorrect 
sample. It is therefore necessary to take the utmost precautions 
to obtain a representative sample. Too much care cannot bo 
taken to ensure accuracy in this respect. 

If the total length of the cores withdrawn does not agree closely 
with the dejDth to which the boring tool is sunk, seriously erroneous 
conclusions may be drawn. When a bed of a|)parently suitable 
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material has been found, samples should be taken from differen 
parts of the bed in the manner described on p. 234, and carefully 
tested so as to determine their value for special purposes. 

Various rough tests may be applied on the spot in order that 
a general idea of the quality of the deposit may be obtained. The 
appearance of a sand (p. 205) may help somewhat in estimating 
its quality, though it is not altogether reliable. The application 
of a little hydrochloric acid to a small sample will render the presence 
of any calcium carbonate obvious. The compactness or friability, 
which to some extent determines the ease of working, may be 
tested by digging with a spade, or breaking the stone, if it is a rock, 
with a hammer. Other more detailed tests, such as those described 
on pp. 236-268, must also be carried out, the number and extent 
depending on the use to which the sand is likely to be put. 

Before finally deciding, to work a deposit of sand or sandstone, 
it should always be tested sufficiently exhaustively, so as to be 
perfectly sure that the quality is satisfactory for the purpose in 
mind, and the tests should be carried out on a sufficiently large 
scale to render it reasonably certain that the material will be 
satisfactory on a commercial scale. 

Preliminary tests on a small scale, if properly carried out, 
are the best means of saving costs in prospecting, and should always 
precede larger tests, but the latter should never be omitted if the 
former give favourable indications as to the value of the material. 
Neglect of this precaution leads to the waste of enormous sums 
of money by prospectors and capitalists. 

As the success or failure of the enterimise may eventually 
depend upon the accuracy with which the prospection and tests 
have been made, and the reliability of the indications given, it is 
wise to place the whole of the investigation in the hands of an 
ex])ert. This is the more necessary as, even when the nature, 
situation, and extent of the deposits are known, there arc several 
highly important matters— such as the planning of the mine or 
(|uarry, ])rocautioiis against flooding, and the disposal of the over- 
burden — to bo considered. 

The location of the site relative to the market for the ]u-oduct 
is a further factor requii’ing consideration, as it has not infi'cquently 
liappened that a firm has suffered many inconvtinienccs due to 
unsuitabk'. location, when a little more knowledge of the distribution 
and sale of the material would have saved them much trouble. 

The valuation of a deposit of sand or samLstt)ne must be based 
upon (1) its size, (2) its location, (3) the cost of bringing the 
material to the ])laco where it will be used {i.e. to the surface, or 
on to the I’ailway or boat, and thence to the user), and (4) the rate 
at which it will be obtained. The last factor is es])ecially impoi'tant 
to the ]mrchasei', as the present value of a sand de.])osit, portions 
of which cannot be used for some years, is necessarily different 
from what it would be if the whole deyjosit were to be used up in 
a single year. Thus, if the jpresent value in pounds ecyuals C!, the 



272 


SELECTING A SITE 


rate of interest for similar investments (usually taken as 4 per 
cent) =r, the number of years required to work out the deposit 
the value of the sand or stone to be removed annually or the royalty 
paid per annum = V pounds sterling, then 


lb = l + 


100 ’ 


100 

For practical purposes this may be sim|)lified into Table LX., 
in which the first column shows the duration of the sand or stone 
deposit, and the second and third the number of times the yearly 
royalty or the value of the sand removed annually (V), which is 
equivalent to the total present value of the deposit. 

Table LX. — Valuation oe Sand Bed 


Duration in Years. 

Present A'^alue. 

Interest at 4 per cent. 

Interest at .'5 per cent. 

10 

8-11 V 

7-72 V 

15 

IMl V 

10-39 V 

20 

13'68 V 

12-4() V 

25 

15-62 V 

14-10 V 

50 

21-48 V 

18-13 V 

100 

24-50 V 

19-85 V 

200 

25-00 V 

20-00 V 


If R =the royalty in pence per ton, and T =the average number 
of tons to be removed annually, 

RT 

'^~ 240 ’ 

It will be noticed that the rise in value after fifty years is very 
small, and may usually be neglected. Indeed, few persons would 
give more than sixteen times the value of the sand removed annually. 
Even for the most valuable sand deposit and for most sands in tliis 
country the value of the ungotteii material is not measured by its 
volume, but is very little larger than the agricultural value of the 
land. Thus a field containing an unworked bed of sand in a dis- 
trict where the agricultural value of the field is £30 per acre will not 
usually have its value increased by more than £20 per acre as a 
result of useful sand being present. In some localities where special 
conditions prevail a higher value will be placed upon the land. 

Selecting a Site. — When a deposit of sand or sandstone has 
been thoroughly examined and found suitable, it is necessary to 
decide upon the method in which it is to be worked and the manner 
in which the deposit is to be opened out. 
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It is of great importance, before actually opening out a quarry 
or sand-pit, that the site should be carefully and skilfully chosen, 
as a mistake in this preliminary work may eventually result in the 
failure of a venture which ought to have been highly successful. 

A considerable number of quarries have been started on the 
wrong side of a hill, so that no advantage can be taken of the dip 
or lie of the strata. In other cases, the men work “ straight ahead ” 
into a hillside when it would be much cheaper to “ edge ” the hill 
and to work at right angles to the present direction ; this is 
especially the case where there is a thick covering of overburden 
or useless material. Sometimes a site is chosen which is suitable 
in some respects, but is, on the whole, inferior to another possessing 
a single drawback which could be overcome by a little ingenuity. 
Again, a site is sometimes selected near the top of a high hill and 
a long way from the railway or road, yet sand of the same quality 
is available much nearer to these facilities. In these and many 
other ways, the selection of a suitable site is of paramount 
importance. 

In selecting a site, special attention should be paid to (i.) the 
overburden, (ii.) the position of the dip and strike of the strata, 
(iii.) the drainage possible, (iv.) the water-sup])ly, (v.) the haulage 
grade to crushers and from thence to the railway, (vi.) the position 
of the railway and the cost of a siding, (vii.) suitable sites for power- 
station, crushers, etc., and (viii.) the transportation facilities. All 
these items are of great importance, and if any one is wholly 
unsatisfactory, the site should usually be abandoned. 

The thickness of the overburden and the cost of removing 
and disposing of it very largely govern the value of a given sand 
deposit, for' it is obvious that an excessive thickness of useless 
material cannot be prohtably removed to clear a comparatively 
tliirr bed of sand. l-Ience, the site should be chosen so that there 
is a minimum thickness of overbui-den to be removed. Whether 
this can be done economically dejxmds on the thickness of the 
underlying sand and on local (londitions r(\sj)ecting tlu^ disposal 
of the ovei'burden. 

The stee])ness or dip of the strata has a. serious elhad on the 
cost of hardage, especially if it is away fi'om the. face of the quarry, 
so that all the sand has to be hauled u]) an incline. Smli down- 
ward-dipping sti'ata also eausr^ further trouble by acting as catch- 
pits for rain-water, unless a suitable systcun of drainage is installed. 

The Lay-out and Planning of the (|uar'iy or sand-pit cannot 
receive too much skilled attention, for much of the difference 
between success and failur-e in working sand depends on the 
efficiency of the system used. Each quarry or pit ju'csents its 
own s]3ecial ])roblems, and unlccss the working is carefully and 
skilfully ])lanned, and the local consider-ations duly taken into 
account, there is likely to be failure. 

In the fti'st place, the stability of the cjuarry or pit must be 
assured, and all necessary precautions to secure it must be taken ; 

VOL. I T 
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otherwise, there may at some time be a serious landslip, and lives 
may be lost. The precise precautions to be taken to ensure 
stability depend on the locality, but as a rule the width of the 
bench or platform should be equal to the length between each 
bench and at least half the height. 

The quarry should be made in the side of a hill rather than 
by excavating below the ground level, though in some cases the 
latter is unavoidable. The quarry face should not be worked to 
a height of more than 25 ft. at a time ; that is to say that if a greater 
height of face is desired, it should be worked as two or more separate 
benches or sub-faces, each of which is not more than 20-26 ft. in 
height. Excessively high faces are not economical, as they involve 
special precautions to ensure safety as well as the use of excessively 
large cranes, etc., which increase the cost of working. Those 
objections are avoided by working in sections or benches of 20-25 ft. 
in height. High faces cannot usually occur in a sand-pit, but they 
are sometimes found in sandstone quarries. 

The site having been selected as skilfully as possible, the man 
in charge of the lay-out or working plan should exercise his skill 
and ingenuity in arranging that all the operations in the quarry 
or pit shall be planned so as to avoid all methods that 2^1 ace an 
unnecessary burden on labour. Thus, excessive rehandling of 
material, complexity in transportation systems, and loss of time 
through conflict of various operations should be avoided. In 
many cases this can be accomiolished by a modilication of the 
method, involving no heavy ex25enses in the 23urchase of new 
equipment. In large quarries, especially in the United Statens, 
hand methods are being largely superseded by mochanicial mcains, 
not so much as a result of a 23ronounced shortage of laboiii- as 
because the mechanical methods are cheaper, quicker, and ])i-omot(i 
rapid increase in iDi'oduction. When labour is cheap and ])lentifid, 
the advantages of mechanical equipment, particularly in small 
quarries, are questioned by many quarry-owners, but in large' 
quarries the advantages of mechanical equi])]ncnt are geuua-ally 
recognised. The ado 2 )tion of such equipment has, however, bea'ii 
slow in many 2 )laces. This is due to various causes, tlu*. 'cJiicd' of 
which are conservatism, lack of information on moder-ii equi])ment, 
and lack of capital. In some sand-]uts and sandstone. (|uan'i('s 
in the British Isles the use of ra23id-working excavating maeLimery 
would be quite unjustifiable, because the total quantity of sand 
or stone to be moved in a year is so much less than the'outi)ut of 
the smallest size of machines. For instance, a steam navvy will 
seldom pay if there is less than ten years’ continuous work at threun 
quarters of its full capacity, or say a quarter of a million tons in 
all. For smaller outputs to be worth the installation of a machineg 
either labour must be scarce or there inust be some other con- 
sideration, such as the necessity for com23leting the work as rajfidly 
as possible, the cost of which can be recovered in the 2 '>i'ice obtained 
for the sand. 
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A fruitful source of waste in many pits is the needless handling 
of material, owing to the sand being unloaded and reloaded 
unnecessarily, or to its being dumped in places that require excessive 
labour for its subsequent removal. Such excessive rehandling 
may be due to lack of equipment, to faulty design, or to carelessness 
and oversight, but whatever the cause, its effects on the profits 
are obvious. Such unnecessary handling is always costly, and in 
times of shortage of labour it is imperative that radical changes 
should be made to remedy such faults. 

In laying out a sand-pit, and especially a quarry, it is necessary 
to look well ahead and to consider what will be the effect of the 
present arrangements when the quarry has been working fifteen 
to twenty years. A further matter of importance is the “ weight x 
distance ” factor of all materials moved, which must be kept at 
a minimum. Many men in planning quarries pay much attention 



to the weight of the material to bo moved, but they ovtu'Iook the 
distance to which it has to be taken. In vi(iw of this fact, the 
disposition of the tram-limss or tracks leading from the quarry face 
to the works is a mattei- of gi'cat iui|)()rtane(u If these are wrongly 
pkwa'd, eith(u- the men will be hain)Ku-(al in tlu'ir work or great 
expense may be incurred in j)utting tlu^ tracks in a suitabk^ position, 
or the (H)st of trans])oi't may excessive. The ordinary method 
is to arrange a series of tracks radiating from the main line, oi' 
pair of main lines, to various })arts of the (niarryfae(^ (as in Fig. 2()). 
in many respects this is a good arrangement, but it has the minor 
drawbacik of eompolling the men taking trucks or wagons to the 
face eith(U’ to wait until tlu^ traede is clear or to throw the empty 
wagon off th(5 line and j'cinstatr! it later ; the lattei' ])rocess involves 
unneeessai'y labour, delay, and damage' to the wagons. By using 
(ImdDlc tracks, this troubk' may be larg('ly avoided, though oven 
then it is sometimes difficult to seciire a wholly satisfactory method 
of delivering empty wagons and removing fidl ones. 

When conditions permit, it is often better to arrange a track 
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along the quarry face and to have the material thrown into the 
wagons on this track. Some quarrymen object to this, because 
the tracks have so often to be altered, but in many cases this is 
less serious than is often supposed. When a steam navvy, grab, 
crane, or other mechanical loader is used, the arrangement of a 
track along the quarry face (Pig. 27) is by far the simplest and best. 

No one method is equally satisfactory in all cases, and the 
quarryman who would get the best results must exercise consider- 
able ingenuity and skill. 

The Position of the Machinery relative to the quarry face and 
to the spoil bank on which the overburden is tipped requires careful 
consideration. The machinery ought obviously to be placed in a 
position where it is free from all danger from landslips or explosions. 
It should also be placed in such a position as to be out of the way 
of developments of the quarry face, spoil bank, or railway siding, 
and yet convenient for the supply of power and readily accessible 
from the works. Here again no general rule can be applied to all 
cases, but it is usually wise to keep the machinery well in front 
of the quarry face and somewhat below the quarry floor so as to 
make full use of gravity. The distance between the quarry face 
and the machinery ought to be sufficiently large to accommodate 
the spoil bank, unless there is some hollow somewhere which can 
be filled with overburden and can never be required for any other 
purpose. A serious mistake which is often made in planning a 
sand-pit or quarry, is to place either the spoil bank or the machinery 
on good material, which cannot, therefore, be quarried, and is to 
all intents and purposes lost. 

It is an excellent plan to allow space for machinery capable 
of producing five times the anticipated maximum ()uty)ut of the 
quarry, as this allows of ample development, keeps the ]ilant w(dl 
out of harm’s way, and generally facilitates the working of th(^ 
quarry. 

The chief Sources of Power in quarrying or mining sand, sand- 
stones, etc., are steam, producer gas, and ek'ctrieity, with (com- 
pressed air or water (wave transmission) as secondary sonrcH's of 
power. The use of these in connection with drilling is described 
on p. 300 ; the power required foi- crushing, trans])ort, etc., is morcc 
conveniently described under these res])ective sid)jects, and it 
must here suffice to state that in planning a quari-y oi- mine, amphe 
power should be provided, even though it is not all rcMpiired at 
first ; as the works increase in output, it is them easy to proceced, 
whereas in the absence of provision for ample power tin*, whole 
future of the property may be jeopardised. 

The other chief items requiring attention in ])lanning any givtm 
site or quarry are: (i.) the floor; (ii.) the drainage; (iii.) the removal 
of the overburden or stripping; (iv.) the methods of extracting 
the sand or stone ; (v.) the removal of the material to the crushers ; 
and (vi.) the position of the various accessories. 

The floor of the pit or quarry, where possible, should sloj)e 
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away from tlie face, and its lowest point should, where possible, 
lie above the drainage-level of the surrounding area, so as to avoid 
the necessity of pumping. Where the nature of the strata permits 
it, an almost level floor is in every way preferable to a steeply 
sloping one. The arrangement of the floor so as to ensure good 
drainage is very important, and failure in this respect is one of 
the commonest causes of loss. If the beds are developed down 
the dip of the strata, accumulations of water may occur at the 
working face after very heavy rain, and cause a temporary suspen- 
sion of operations, with consequent loss of labour. If the beds are 
worked in the opposite direction, the water will drain away, and 
no accumulation of water at the face will be possible. Where the 
sand or stone lies in horizontal beds, the working is rendered very 
simple, as the smooth floor requires little or no grading or ballast 
for tracks, and track-laying may be accomplished with a minimum 
of labour. A smooth floor also facilitates loading. 

The drainage of a pit or quarry is a matter which should have 
more attention than is commonly paid to it. The wise manager 
will always endeavour to secure natural drainage as far as possible, 
and even where some pumping is necessary it is most economical 
to attempt to secure natural drainage for the site as a whole, and 
to pump the water from a sump or well, into which the water from 
the rest of the workings drains naturally. This can usually be 
secured with a little forethought and planning, so that there is 
a slight slope in the floor of the quarry towards one or more definite 
sumps or wells. Unless this is done there will be a series of delays, 
inucih slow working and some accidents, because the face and floor 
ai'o too wet. The above ])rocautions may seem to be an unnecessary 
expense^, but the residts are well worth the cost. In some old 
cpianios with whidi the author is ac{]uainted, it has even been 
found profitable to abandoji the existing face and to reopen the 
(piariy at a diiTercnt point, so as to (uisure efficient drainage ; 
the lower costs of working the (piarry uiuk'r dry conditions ra])idly 
paid for the ccxst of n^opening tlu' stone at a diffiu'c'nt ])oint. Where 
such a course would be I'ogarded as too drastic, it is usually possibk^ 
to woi'k along tlu^ strike', v’.r. at right angles to the dip of tlui strata, 
in order to secure natural drainage of tlu' sections or beneh(\s. 


GETTING THE MATERIAL 

nu'thods of working (hqiosits for sand vary wry greatly 
atH'.ording to the nature of the (h'posit. Hand-beai'ing de]msits 
may b(^ roughly divided into the following gr()U])s: 

1 . Looser or slightly eohei'ont sands. 

2. Harder rocks, such as epiartzites, sandstone's, ganister, ete-. 
The eh'posits may or niay ne)t be ee)ve'reel by a certain ame)unt 

e)f e)vei'burden, so that the*. [)i-e)eesses e)f working will be elesei'ibe'el 
uneler the following heads : 
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1. Removal of overburden. 

2. Working loose sand deposits in open quarries or pits. 

3. Working sand rocl?B in open quarries. 

4. Worldng sand rocks in mines. 

Removal of Overburden 

In some localities where the overburden is thick, its removal 
involves problems in quarrying which are almost as great as those 
in connection with the removal of the sand itself. In most cases, 
however, it is not profitable to remove more than 6 ft. of overburden 
in order to obtain direct access to the sand beneath. 

The overburden to be “ stripped ” or “ ridded ” is usually 
of a relatively soft nature, and' can be removed either by digging 
by hand or by excavating machines, or, if sufficiently thick or 
accessible, by means of a steam navvy. If the quarry is near a 
watercourse, the ridding may sometimes be effected by washing 
away the material hydraulically with powerful jets of water applied 
by fire engines or similar appliances. In such cases powerful 
hoses are used, through which a stream of water 1 J-2 in. diameter 
at a pressure of 40-60 lb. per sq. in. is directed on"to the material 
to be stripped, and the latter is. rapidly washed away. If water 
is rather scarce, the product from the washings may be collected 
in settling ponds and the clear water used over again, but this 
method of stripping gives the best results when the waste material 
can be discharged into a river, or deep lake, or even into the sea. 
This is a cheap method, but it can only bo used where there is an 
abundant supply of water and a large clumping area at a suitabk^ 
level. 

The nature and amount of material to be moved govc'.rns to 
a great extent the methods to be used. Thci most expensive! 
method of removing overbunbm is by ])ick, shov(^l, and wluud- 
barrow or wagon. These tools can only be apjdied (u:onomi(!ally 
where the overburden is very thin oi' the conditions a, re such that 
other implements cannot be einploycid. llndcs' avcrag('. (ionditions, 
a mfin may be expected to shovel into an ordinary wagon 20 cu. yds. 
of light sandy soil or 15 cu. yds. of heavy soil, weil loo.sened, i)oi' day. 
In shovelling ordinary earth, a large numbeu of (^xperinumts have 
shown that the most economical load for an average shoved is 
21 lb. The size of the load and the shape of tlu! si)adc or shoved 
vary with the material being handleel, anel if theise niatten\s are 
properly cared for there is a possibility e)f increasing many a man’s 
outl^ut by about 50 per cent, as mo.st mem lift abe)ut 15 lb. e)n eniedi 
shovelful. This increase in output comes [)ai'tly from eexperience 
ancl industry, but chiefly by using a shovel of a slmioe suited to the 
work and seeing that the man is taught how te) use it. 

In loading wagons, a man working under normal conditions, 
and using a D-handled shovel, will throw the following amounts 
in ten minutes : 
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Height of Wagon, 

3 ft. 

4 ft. 

4 ft. 6 in. 

5 ft. 

5 ft. 6 in. 

(5 ft. 


Volume of Earth thrown. 
1 - 4 cu. yds. 

1-33 „ 

1-2 „ 

M „ 

0-9 

0-8 


In casting ordinary earth, through a horizontal distance not 
exceeding 10 ft. a man will average 18 shovelfuls per minute. 

In loading wheelbarrows or low carts without an end and not 
exceeding a height of 33 in., a man casting average earth will 
have an output of about 15 shovelfuls per minute. 

The influence of several men on each other is important, and 
a good foreman with a gang of contented men will get through 
more work, and at each throw will deliver a larger shovelful, than 
if the men are discontented or isolated. As the number of shovellers 
to each wagon is increased above four the average efficiency will 
decrease, and if ten shovellers were employed on one truck the 
average efficiency would not exceed 85 per cent. 

A correct position is essential in shovelling, and it is well worth 
while to teach a man how to dig and shovel properly. Few 
labourers know how to move their bodies, or to handle the shovels 
so as to make the work easy for themselves and rapid for their 
em])loyors. The men should be placed at their work according 
as they are right-hand or left-hand workers. The right-hand 
man casts his load from his right side, while the left-hand man 
throws from his left. Where possible, the men should be trained 
to shovel either right-handed or left-handed. Standing close up 
to th('. material, the man should bend his back and his shoulders 
forward, not as in picking an article from the gi’ound, but so that 
lie is well balanced on his feet, one leg being well in front nf the 
other. In digging, the spadi'. .should be [ire.ssiKl directly, then 
lowered back and liftiid horizontally with th(> load. In shovelling, 
on the contrary, the wia.st of one arm should be laid on tlu^ knc'e 
of tlu' front l(ig, and the othei- kiuu^ .should I’cst against the end of 
ilu^ shovi'l. The shovel is thrust into thci mass by tlu^ movement 
of the body, the objiu't lieing to throw the weight of the body into 
th(i motion used in thrusting the shovel. When the shoved is full, 
the kneels and haede arei straighteru'd, without altering the position 
of tlu'. luinds. The load is then east away by turning tlu^ body 
wIkmi tlu' hidght and distance are not great. With longi'r throws, 
th(‘ arms must hc^ used to give the .shovel the neee'ssary motion. 

Scrapers. -Apart from picks and shovels, and vvlum only a small 
outlay of e.apital is available, a plough and serapen are among the', 
most edheieuit imjilements which can be empleiyed, ein aeicount eif 
thedr aelaptability and eempiarativedy ehea)) working cost. The^ 
])lough is neHHissary to leio.sen the earth be'iore the serajier e'.an bei 
iilleel. A luirsc-elrawn elrag scrajier is more suitable feir close weirk 
and short hauls, and a wheel scraper for open work and long hauls. 
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The latter has a larger capacity than the former, and, being on wheels, 
is much easier for the horses. One plough moving fairly steadily 
can loosen about 300-400 cu. yds. per day. Better results can 
usually be secured in very hard or tough ground by a scarifier 
drawn by a tractor or roller, but in ground of this nature blasting 
is usually more economical when the depth of the material to be 
loosened exceeds 3-4 ft. 

Horse-drawn scrapers have a gross capacity of 3, 5, and 7 cu. ft. 
and a net effective capacity of about 60 per cent of these c|uantities. 
Each scraper will place under average conditions 50-65 cu. yds. 
of compacted fill per day, but a scraper hauled by a drag-line has 
four times this output. Ploughs and similar appliances are only 
suitable where the overburden consists of a relatively soft material 
such as “ soil,” clay, or gravel. 

Drag-line excavators, which consist of a rectangular tray, 
or skip, with a cutting or scarifying device at the front, arc some- 
times used for removing overburden. The tray is suspended from 
an elevated ropeway in such a manner that it can be drawn along 
the ground by a hauling rope and can dig slightly into tlie ground 
and fill itself simultaneously. As the hauling ro])e may be of any 
convenient length, a drag-line excavator has a wide ranges of ae.tio'n 
and can be used on slopes as well as on level ground. Drag-line 
excavators are not seriously affected by water or floods, and th(\y 
can often work under conditions which would be unsuitahk^ for 
any other form of mechanical excavator. This ty])(i of excavator 
is more fully described in connection with the woi'king of looser 
sand deposits (p. 282). 

Steam navvies are the cheapest means of (uxcuivating a, thick 
overburden. They work most efficiently in looser matc'rial whicli 
is sufficiently thick to allow the shovel to malu^ a cut throughout 
the greater part of its stroke, as steam na.vvi(\s a.r(' not usually 
economical when they cut or dig during only a small l'ra.ction (’)f 
the stroke. These machines are further (h'scrilxul in eoniu'etion 
with the working of loose sand deposits (|). 283). 

Grab excavators are similar in many n'spcu'ts to a, stcaun navvy, 
but instead of the bucket being forceci into tlu'. material l)y nu'ans 
of a powerful arm or boom, a " grab ” or “ clam-Hh.ell ” bucket, 
is suspended from the end of the jib, and as it drops on to tiu' ground 
it digs into the latter. On tightening tlu^ appinpidab' ropey tlu^ 
grab is filled, closed, and hauled u]). TIk^ c.raiu^ tlum r(>volv(‘s, and 
eventually the contents of the grab aix' discluirgc'd into a, tiaick 
or wagon. Grabs arc dealt with more fully in tlu^ smtaon on 
working loose sand deposits (p. 287). 

Ladder excavators arc a modification of a. vv('lhkno\vn devitxi 
known as a bucket elevator, and consist esscmtially of an (mdless 
belt to which is attached a series of bucilufis, (micJi providc'd with 
a digging or cutting edge. They are more' fully (h'scrilx'd in the 
section on working loose sand dc'.posits (]). 21)0). 

Explosives may bo used for loosening roedey or otluu- hard 
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overburden, and are employed in a manner similar to that use 
prior to excavating hard sand rocks (p. 295). The loosened material 
is afterwards loaded by one of the appliances described above. 

The cost of removing overburden and delivering it into wagons 
may be estimated roughly from the following figures : 


Hand shovel and tipping wagon 15d. per cu. yd. 

Steam navvy and wagons hauled by small engine . . 8d. ,, 

Steam navvy and stripping conveyor returning overburden 

to disused workings 4d. ,, 

Drag-line scraper (to loading platform only) .... 4d. ,, 

Hydraulic stripping 2d. ,, 


These figures are quite general in character, and have to be 
modified greatly before they can be applied to some quarries. 

The disposal of the overburden is a matter to which much thought 
should be given, because the removal of the material at a later 
date will add unnecessarily to the cost of working. This is a 
precaution which ought obviously to be taken by all quarrymen, 
yet it is surprising to find how often the overburden is tipped on 
valuable deposits which will be required at some future date. 

In selecting a tip or dump, care should be taken that (i.) the 
material placed on it can do no harm, and (ii.) it will not in any 
way interfere with the future development of the works. 

Sometimes it pays to carry the “ stripping ” to a natural valley, 
hollow, or swamp which will be more useful if filled, but usually 
the best ])lace for the overburden is well behind or well to one 
side of the works or between the works and the quan-y facen 

Eoi’ conveying the stripj)ed material to the ti]), wheelbarrows, 
wagons, or conveyor belts are used, but occasionally an ovc'rhead 
ro])eway is c.m ployed. Wheelbarrows are tlu‘. slowest and most 
ex]xmsive, except for very small quantitic's ; conveyor belts are 
chcaf)cst if the ([uantity to b(i eoiiveytul is siitficient to justify their 
instalment and th.e distance is not too great. Lor longer distances, 
the choice between wagons and a ropc'way must hugely (hq)cnd 
on local conditions. 

Where a wide tip is rcsjuiivd to lx* mad(' by means of a r()p(>way, 
tlu' us(^ of rocking towers at (dtluu- end of tlu' rope* may Ix^ an 
advantage'.. An arrangement of this kind known as the Harrington 
i-ocking cableway — is supplied by the Hallway and Industi'ial 
Lnginceu'ing (!<)., (frtumburg. Fa., H.S.A. (Sex' also Lluipt-e'r XI.) 

WouKiNO Dicposith op Loosk Sand 

Th(^ eomntoiK^st method of working dc'posits of looser sand in 
this e.ountry is by hand, as mo.st of the pits are comparative'ly 
small and hand labour is i)erhaps tlu^ most economical means of 
g(d,ting the sand. Thc^ material is dug in [)rac,tically thei sanu^ 
maimer as has beeni described for removing thcM)verbu]'dcn (]>. 27S). 
The plough and scraper ([>. 279) may sometimes be employed, though 
its use is somewhat rare. 
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Where the sand is to be removed on a sufficiently large scale, 
it is preferable to employ mechanical excavators, the particular 
type used depending on the nature of the deposit and the methods 
by which it can be worked. 

Scoops are not used as extensively as they might be in quarries, 
because they are insufficiently known, particularly in Great Britain. 
As the work to be done by them is very rough and heavy, scoops 
must, of course, be correspondingly strong, and the hauling or 
pushing mechanism must be sufficiently powerful. The scoo])s 
used are of two types : (i.) scoops hauled by a rope and known as 
“drag-line excavators”; (ii.) scoops pushed into the material and 
either lifted and moved away or so arranged that the material is 
forced on to an endless belt at the back of the scoop and is thereby 
removed. The buckets or dippers attached to steam navvies or 
ladder excavators may, of course, be regarded as scoo]xs, but it 
is more convenient to exclude them, as they are described later. 

Drag-line excavators are sometimes quite satisfactory for excavat- 
ing loose deposits. As previously mentioned, they consist of one 
or more buckets with a cutting or scarifying edge, which are dragged 
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over the ground by a rope and so scrape up a load of the material, 
the amount depending on the size of the bucket. Drag-line 
excavators are of two types : (i.) those in which the skip is liuTig 
from the jib of a crane and is hauled towards the body of the ci-aiu^ ; 
and (ii.) those in which the skip is operated by a ropc^way. TIh^ 
latter have far greater range, though a skilled man opcM-aiing th(^ 
first type can swing the skip 30 ft. or more beyond the emd of 
the jib. 

In both tyjDes of drag-line excavators a high speed of ope.raiioii 
and ample digging power are the most important fa(;tors ; llimsy 
apparatus is useless in this type of excavator. 

A drag-line excavator operated from a ro])eway (Fig. 28) is vc'iy 
popular in the United States, and 'by its means the sand can be 
excavated, elevated, conveyed to the plant, and dumped in what 
is practically one continuous operation. 

Pusher-scoops are very useful for beds less than 3 ft. thick. 
They are self-propelled and can work their way through a mass 
of sand at the rate of 70 ft. per minute, moving a maximum weight 
of a ton per minute and dealing with blocks iq) to !) envt. each. 
They have not been used to any great extent in England, but tlu^ 
Myers-Whaley shovelling machine has met with great succc'ss in 
some quarries in the United States. One of these machimis, ixupii ring 
three men — a driver, a wagon coupler, and a helper — will do as much 
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work as twenty men with hand tools. The front of the shovel 
is so designed that it will reach 10 ft. to either side from the centre 
of the track. The machine requires 20 h.p. to drive it at full 
capacity ; either compressed air or electricity may be used. 

The use of a tractor for working a scoop offers considerable 
possibilities and is worth consideration in some quarries. The 
chief difficulty is that where the ground is so rough as to make 
a scoop practicable, it will soon wear out the tractor. 

In an American machine, made by the Pawling and Harms chfeger 
Co., of Milwaukee, U.S.A., a boom is fitted which, when digging, 
is horizontal, the scoop running along it away from the tractor. 
When the bucket is full, the boom is raised and the machine turned, 
so as to tip the material into a truck or other receiver. Another 
useful scoop is the Rapid-digger Co.’s machine (Eig. 29), which 
is hauled and discharged mechanically, but is guided through the 
material by hand. This machine can be quickly moved about 
under its own power ; it Has a reasonably long working range and 



Fig. 29. — Rapid -digger scoop. 


is, under favourable conditions, equivalent to the work of ten to 
fifteen men. 

Steam navvies (Fig. 30) are very satisfactory for digging sands 
which are sufficiently friable, and if there is a sufficient thicleness 
of material to work upon. For effective work with a steam navvy, 
however, the quarry must have a long face, with a terrace or bench 
of sufficient width to accommodate the navvy and two sets of lines, 
for the wagons and the whole of the material must be dealt with 
“as it comes.” If much sorting is necessary — as when fissures 
or intercalations filled with clay or other materials occur — a steam 
navvy is of little use. For excavating or lifting shattered or broken 
stone, a steam navvy should be of suitable design and with a long 
range. Some of the most suitable ones will “ clean up a quarry 
floor ” as well as load from a high bank. In a properly arranged 
quarry of sufficient size to keep a steam navvy fully occupied, this 
machine will be found to work remarkably cheaply, for excavating 
either sand or a shattered rock, or for picking up broken stone, 
provided it has enough work to do. 

To work efficiently, a steam navvy must be able to work 
continuously for eight hours per day during five days per week. 
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and continual maintenance, so that adequate platforms, steps, 
or ladders should be provided, from which oiling, adjustments, 
or repairs may be safely performed so as to prevent the repair 
men from being exposed to unnecessary risks of falling. 

Most steam navvies are now fitted with an over -hoist or over- 
travel stop that automatically arrests the upward travel of the 
boom and the bucket, if the operator fails to stop the machine 
at the proper time. Some drivers supply the power and calmly 
wait for the load to come in contact with the over-travel release, 
thus stopping the machine automatically. The danger pf ^ such 
an operation is evident, and it should be a matter of strict discipline 
to see that it is not made a regular practice. 

Every steam navvy requires to be lubricated in order to prevent 
wear from friction and destruction from rust. The lubrication 
of the cables is sometimes accomplished by a man standing on the 
trolley, who applies the grease as the cable is wound up. Sometimes 
the cable is all wound up and the top half of the drum properly 
greased. The bottom half is then greased after the drum has made 
half a revolution to bring the ungreased cable into an upward 
position. Another greasing device, attached to the top of the 
hoisting block, consists of a brush or collar made of soft wicking, 
which surrounds the cable and is connected with the tank in such 
a way that the rope in passing through the collar or brush becomes 
properly lubricated throughout its entire length . 

A steam navvy requires a small gang of men, and when worked 
properly and well supplied with wagons it can load a great mass 
of material in a day. Efficient service depends on strong mechanical 
construction, adequate care and management by a skilled worker. 
Inefficiency usually results from inadequate sup]fiy of wagons foi- 
the removal of the loaded material rather than from im])ropci' 
handling of the steam navvy itself. 

While the first cost of a steam navvy is high, with ])r()])cr ear(^ 
the cost of maintenance is not excessive, and where tlni snrfaco 
is fairly uniform and level a steam navvy is probably thc^ tx\st 
device for removing any sufficiently large quantity of material. 
In fact, four or five men with a steam navvy can load as imuffi 
sandstone as forty-five men by hand methods. 

For excavating rocky material, a large and powerful navvy 
is needed, the “ railroad ” type being preferable, but for soften- 
material and for smaller outputs, a revolving steam navvy is oftem 
more advantageous, especially if it is mounted on wheels or 
“ cater j)illars,” so as to travel forward under its own power. As 
the smaller steam navvies are not as strong as the largen- ones, 
care should be taken to select a machine of ample strength for its 
intended purpose. Thus, it may be more profitable to purchase 
a machine of much greater strength than is needed for the stripping, 
if it can be used later for loading the sand or stone. 

Although usually loiown as “ steam ” navvies, these machines 
may be dr-iven electrically, and in many quarries the latter is 
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preferable as it saves the cost of hauling the coal to the quarry- 
face. 

The saying effected by using a steam navvy as compared -with 
hand labour depends on -fche proportion of the -working day during 
-which the machine is actxially digging, and this, in turn, depends 
on there being a sufficient number of wagons or cars ready to receive 
the excavated material. The wagons or cars may often be run 
along the to]i of the bank of a shallow cut and kept moving in a 
continuous line, except for the delay caused by turning and then 
backing them up to the navvy, when this is necessary. 

Among the in ore irnpor-tant precautions in working steam 
navvies are the following : The boiler must be properly cared 
for and not Hi'od too rapidly when it is full of cold water. It is 
important to clean the -flues once a week or the boiler will not 
steam yiroperly, and to blow off sufficient water once a day when 
the boiler is at about 60 lb. pressure. The boiler should be 
thoi’oughly clcianed once a fortnight. The cylinder cocks on the 
engine must be opened before starting, after standing for some 
time ; failure to do this may result in a loose piston or the knocking 
out of the cylinder head. When the engine is warm, the cocks are 
closed. It is desirable to open all the drain cocks and to drain the 
lubricator before leaving the engine for the night, otherwise in cold 
weather the water in the engine may be frozen solid by morning. 

To y)revent accidents due to exy)loHives being prematurely 
fired by spai’lcs from a steam navvy, the following additional 
])r(‘.(!autionH should be talcen : Before loading is begun, the steam 
navvy and locomotive should be withdrawn from the face of the 
(|uarry to such a distance that no sy)arks from them could, under 
any circ.umstanc(«, bo carried to the explosive in the holes, or on 
the ground above or around. If there is any danger from syiarks 
oi- c.inders, a canopy should be ymovided which will yirotect the 
(^xplosivc^ from flying sparks. A covered hopper may be used 
for blac,k blasting ])owd(n'. 

Whc'.re an unexplodc'.d charge is uiKa)V{U'ed by the steam navvy, 
operations shoidd eciasc, until the ext)losive has been recovered 
iuid rcmovc'd to a safe^ distance. 

Grabs (Fig. Ill) an^ also v('ry uscfl'nl for working loose. de])osits, 
as tlu\y serve not only as (\X(!avators but also as loadei's. A grab 
consists of a sjxMsal devicu^ (!onsisting of a. contaiiua-, tlui bottom 
of which is fornuxl of two jaws nuading at tlu^ centre. Tlu^ grab 
is hung from tlu^ rope or cliain of a craiuv Ihe jaws are opeiu'd 
and tlu^ grab is low(‘r(al rapidly on to the sand or stones to be lifted. 
By its impact tlui grab penetrates into the material, and when 
withdrawn its jaws (dosc^ and the grab carries with it a load (up 
to about 15 c.vvt.) of mabu'ial. A pidl on a rope reoy)ens the jaws 
and tlu^ grab discharges its ciontents. 

(h'a.bs are not very suitable for loose dry sand, as so much of 
it leaks out before the grab disehargcis its Icjad. They are excellent 
for gravel, small stones, sand, and clay. 
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A serious objection to grabs is that they will not remove the 
whole of the broken sandstone from a floor and leave the latter 
clean, but "they are excellent for removing large quantities of loose 
material if it is not too fine in character, the last portions being 
loaded by hand. 

The cranes used for grabs must be movable, so that they can 
be transported from place to place, and are preferably self-propelling. 

It is a great convenience if a 
locomotive or travelling cranq is 
fltted with a revolving mechan- 
ism, so that the crane may be 
turned in every direction. 

Electric cranes are in every 
way satisfactory when the cost 
of electric current is not too 
high ; they work rapidly, and yet 
are very economical in rega,rd 
to power, but they cost more in 
the first instance and also for 
upkeep and repair. The motors 
on an electric crane must be of 
the best quality and of robust 
construction ; a continuous cur- 
rent series - wound motor is 
better than a shunt-wound oiui 
or one with an alternating cur- 
rent, though the lattci’ arc 
regarded with satisfac-tion in 
some quarries. 

The stability of the craiui 
in use is a iiuitter of givatest 
importance, as inon^ scalous 
crane accidents arc due to ilu! 
crane being used outside its 
range of stal)ility than to any 
other cause. necessary 

stability is obtaiiu'd in station- 
ary cranes by weightcul lix(al 
sleepers, to which th(‘. masts 
and guys are attached, and, in some cases, by a (lountei'poisci so 
placed as to prevent the crane falling over in tlie dire(ti(m of the 
load. In arranging the stability of such cranes, ciarc must 
taken to provide for sudden loads not strictly c.enti'al to th(' 
crane, whereby the greater part of the load is thrown on to one 
“ leg ” or guy, or the stress is applied chiefly to one skxqKu- 
instead of equally to all. A common, and usually safe, ])ractice 
is to use on each sleeper a ballast-weight equal to at least twice 
the load to be lifted. 

In locomotive and revolving cranes, the engine and boiler are 
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usually placed as a counterpoise, and in selecting a crane of either 
of these types, care should be taken to see that the balance is properly 
maintained at all reasonable positions of the crane and maximum 
load. Wedges and rail clamps are frequently used for locomotive 
cranes, and are quite satisfactory within their legitimate limits, 
but should not be relied upon'for exceptionally heavy service. 

In revolving a locomotive crane, there is always a tendency 
to cause it to fall over by applying it to a load which is beyond 
its normal radius, or on one side of the jib, or by swinging the crane 
round in such a position as to place the load outside the normal 
radius, namely the horizontal distance from the centre of gravity 
of the suspended load to the axis of rotation of the crane ; as, for 
example, the horizontal distance between the centres of the hoisting 
hook and the centre pin of the crane. Another common cause of 
mishaps is due to keeping the jib at a specified radius, but dragging 
the grab from a point beyond tliis radius. The capacities of the 
crane given on the identification plate apply only when the load 
is directly underneath the hoisting block. Moreover, they are the 
maxima allowable, and care must be taken not to overstrain the 
crane by exceeding them. 

Many of the motions of hoisting, turning, travelling, and varying 
the radius may be effected together, and thereby much time may 
be saved. The following matters should be considered in working 
locomotive cranes with grabs ; 

(a) Whtdher the load to be lifted is too great. 

{b) The ])OHsibility of the grab being caught between stones 
and so held by them. 

(c) The I'adius at which the load is operated ; the hoisting 
liiui should be vertical when lifting a load. This fact 
(explains the imj)ortance and advantage of a derrick 
(ii’aiK'. in which thc' jib can be raised or lowered so as 
to vary the radius to suit the positions of the load. 

{( 1 ) Th(^ ])i’opcr distribution of the ballast or counter]U)ise. 

(c.) ddie wedges or clamps mu.st be pr()])erly placed. 

(/) ddu' turning must Ik' as rapid as possible so as not to waste 
tim(\ y('t must not be ('X(!(*ssivc, or an accident may 
cnsiuc 

{</) (lu'Ciking the load veiy suddenly by the brake is always 
da,ng(irous. 

(/i) Th(^ condition of the ti'acdc — whether lcv(d, with a high 
ckwation on one side, or curved — must be (tonsidered, 
as it Juis a gr(iat effect on the movement of the crane 
and on th(' loads which it is safe to move. 

(i) Whethci’ tlu^ load is to be lifted with the main hoist-block 
or with a single line. This involves a careful con- 
sichu-ation of the load and the radius throughout the 
whoh' movement. 

The foregoing remarks must xiot be taken as indicating that 
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the crane and grab form a delicate and rigsky machine, for that is 
not the case ; at the same time, much of the difference between 
efficient and inefficient working is usually due to a number of 
simple, yet often neglected factors, such as those mentioned. 

Carelessness in fixing and working cranes has been the prime 
cause of many accidents, and, for this reason, care should be taken 
to employ only skilled crane drivers and to give them every facility 
for doing their work properly. 

Cranes are provided with either chains or wire rojx^s. Corrosion 
is not so serious with a chain as with a rope, and the durability 
is much greater, but, as chains arc both costly and heavy, wire 
ropes are extensively used, and if well cared for are quite satisfactory. 
In estimating the strength of a chain, it must be I'emembered that 
this depends chiefly on the thickness of the metal and not on the 
size of the link. 

Whilst crane manufacturers can usually be relied upon to pi'ovide 
suitable pulleys, it sometimes happens that when a crane is ])urefiased 
second-hand, or a broken pulley is replaced by a new one, tlu^ ])ulley 
or w'inding drum is of too small a diaitiete]-, and so puts too severe' 
a strain on the rope. This may appear a matter of small imjeortance^ 
but lack of attention to it has been the cause of sevei'al accidents. 

In addition to suspending a grab from a crane, it may be 
suspended from a cable and operated by a single winding (h'um. 
The grab digs into the material, picks u]) a load, is hoisted and tluui 
conveyed along the cableway track, its load drops automatically, 
and the grab then returns to the starting-])oint for tlu^ next load, 
always under the control of the hoisting cmginec'r. 

Ladder excavators (Fig. 32) are not used to any gi'C'at ('xtent 
in this country, but they are very useful and may ))i'olitably b(' 
applied in cases where there is a demand for an ('X(‘(q)tionally large' 
output — at least 3000 tons per week. As previously irn'iitioiicd, 
they consist of an endless belt to which is attaclu'd a, si'rii's of 
buckets, each pi'ovided with a digging or cutting ('dgc. Tlu' 
buckets are placed at a suitable angle to the surfa.ee of tlu^ inatc'rial 
to be excavated, and, as the belt rotates, ('ach buck('t digs into tlu' 
material, is filled, carried forward, and eventually discluii'gcul into 
suitable wagons. If the belt is of sufficient h'ngth and the ('xcaA'a.i('d 
material is overburden or “ spoil,” it may bc'. carri('d suflicfc'iitly 
far to be tipped at the back of the workings, where it will do no 
harm, and the exjjense of wagons may then be saved. Ladd('i' 
excavators can be worked satisfactorily on an almost hori/.oiitaf 
surface. The driving and su])])orting machimu'y may b(i (utlu'r 
above or below the material to be excavated, tlui foi'iiu'i' position 
being usually preferred. 

Hydraulicking.— Where the conditions ]XM’init, tlu'. sand may 
be removed by the use of a powerful jet of water, as in I'cmoving 
overburden (p. 278). 

The water, under a head of 100-600 ft. or more, is sup})li(al 
through a pipe with a nozzle (Fig. 33) 2-10 in. diainetei', according 
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to the amount of water required. The amount of water delivered 
per minute may be calculated from the following formula, due 
to J. J. Gerrard : 

Water delivered in cu. ft. per min. =3-75tZ^P, 

where d is the diameter of the nozzle in inches and P is the pressure 
in lbs. per sq. in. P is also the effective head in feet x 04326. 
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Table LXI. shows the amount of material removed in twenty- 
four hours by hydraulicking, using nozzles of varying sizes. 


Table LXI. — Matebial bbmoved by Hydbauliokinq (per day) 


Effective Head in feet. 

Size of jCIozzle. 
Inches. 

Flow in cu. ft, 
per Min. 

Approximate Output 
in 24 Hours in cu. yds. 

100 


104-88 

160 

200 

2 

148-32 

230 

300 


181-61 

280 

400 


209-82 

320 

100 


420-06 

650 

200 

4 

594-00 

930 

300 


727-56 

1130 

400 


840-12 

1300 

100 


944-58 

1460 

200 

0 

1335-72 

2000 

300 


1634-08 

2540 

400 


1889-16 

2920 

100 


1679-82 

2600 

200 

8 

2375-46 

3600 

300 


2909-58 

4500 

400 


3239-70 

5300 

100 


2624 

4080 

200 

10 

3711 

5760 

300 


4545 

7050 

400 


5248 

8 1 40 


Hydraulicking is employed in some sand-pits in America ; it 
is also largely used for placer-mining in connection with metalliferous 
sands. Thus, gold-bearing sand deposits are frequently worked 
by hydraulicldng, the material being washed on to a grating or 
grizzly which separates the larger stones ; the sand then being 
conducted through channels to the separating tables, where any 
gold presenii is recovered. Tin-bearing gravels, diamond gravc'ls, 
and other placer deposits are also worked by hydraulicking in the 
same manner. 

Dredging. — In some cases the sand-bed lies below water-level 
and it is necessary to dredge in order to recover the sand. The 
best conditions for dredging are (a) soft even bedrock, (b) absence^ 
of boulders, (c) absence of any great amount of clay, (d) a depth 
of water at least 50 miner’s inches,^ (e) absence of floods. 

The most suitable method for dredging such a material depends 
largely on its situation, one of the following being usually adopted : 
(i.) the bulk of the apparatus may be on dry land and the dredging 

1 A miner’s inch is the quantity of water passing through a horizontal slit 
1 in. wide and 24 in. long with water in a reservoir standing 6 in. above the 
hole. It is equivalent to 2274 cu. ft. per 24 hours. 
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effected by extending a dredger-bucket or scoop and drawing it 
back again to land ; and (ii.) the apparatus may be mounted on a 
boat of some kind ; when the hold is full, the boat is brought to 
the shore and emptied. 

Where the conditions permit and the water is not too deep, 
sand may be dredged from the bottom of a lake by means of a drag- 
line excavator of the Sauerman or similar type (p. 282), the supports 
being erected on the opposite shores of the lake and the material 
drawn up and dumped into bins on the works. Where this is not 
possible a flat-bottomed dredge boat is employed ; this is fitted 



7, liniiis a- ,SV)ix, IJiL, Wvh'erhaMtilon. 

Kki. ;i-l — Pluiifiior ptini]). 

with a buckc't-dredgcM.’ or otlior means lor drawing up the sand 
from the bottom of tlic lalav 

Bu('.k(d-dredg(S'H mounted on boat-s or rafts are emplo^pd for 
recovering sand from below water-lev(‘l to a dc'pth not exceeding 
about 40 ft. Tiro buckets vary in numlxM- and size, some of the 
largest having a ea])a{uty of lb eu. ft. Tlui cost of working such 
a bue.ket-dredgc'r varies with the conditions, but is generally 
between Id. and S.'.d. i)er (ui. yd. 

Table LX 11. shows the capacity of bucket-dredges of various 
sizes. 

Anothci* very useful and convenient ap]7liance is a sand-i^ump 
of the plunger (Eig. 34) or the centrifugal (Eig. 35) type. Ihe 
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Tablk LXII. — Output of BucKET-uinanaEs 


Size of Buckets, 
cu. ft. 

Horse-power. 

Maximum UiKgiiig 
Depth below Water 
Jj.nc, in ft. 

Output in c.u. yds. 

])er Montii. 

3 

180 

36 

48,000- 60,000 

5 

220 

36 

90,000-110,000 

7 

300 

35 

1 10,000-150,000 


500* 

48 

150,000-185,000 

13 

415 

40 

250,000-280,000 


* Tliis inclutles 100 h.p. for punip for two monitors. 


suction pipe has attached to it a. cutting or scarifying edge, which 
breaks up the material and enables it to be more easily drawn in 
by the pump. The material is conveyed from the ]minp to the 
shore in a segmental pipe line which is usually hung fi'om pontoons, 
placed at intervals between the boat and the shore. The di'cdging 
boat may be controlled by ropes on shore. At the shoi-e end of 
the pipe line the mixture of sand and water is discharged on to 
a large pile, the water running off and leaving the sand fairly dry. 



Inucrmill-Hnnd Co., Lh/.. Iioik/oii. 

Fia. 35. — Centrifugal pump. 

The sand can then be lifted by means of a grab or oilu'r loailing 
device into trucks or bins. In Anieriea, tlie sides of oiu' small laJo' 
which consist of sand and gravel are dislodged l)y a. povwu’ful siii'am 
of water in the same manner as for hydraulieking overburdcm, 
and the material washed down is sucked ti}) by imauis of a, powc-rful 
centrifugal pump. 

Some of the Belgian silica sand is obtained by dredging, as ai(> 
many of the sands in the United States. 


QUARRYING SAND-ROOKS 

The various methods used for removing the stone and delivc'ring 
it either to the works or to trucks, etc., may be ekissifical undm- 
two main heads : Quarrying and Mining. In tin; foriiK'r tlu^ 
overburden is removed by one of the methods previously (h'seribed, 
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and the material is thus made accessible in an open working ; whilst 
in mining the overburden remains in situ and the material is cut 
from beneath it, the only portions of the overburden to be removed 
being that which is necessary to secure a good “ roof ” to the 
mining galleries. 

In most cases, sand-rocks are only mined when they occur in 
conjunction with some other, possibly more profitable, material. 
Thus, ganistor is mined, as it occurs in conjunction with coal seams 
which are woi-ked at the same time, and the two kinds of material 
are removed by means of the same shaft. It seldom jDays to open 
mines s])ecially for the extraction of sand-rocks, as the cost of 
making the shaft is usually ])rohibitive. 

In order to remove the sandstone from an open quarry, the 
first sto]), after the removal of the overburden, consists in loosening 
the sand-forming material, so that it may be removed to the wagons, 
etc., used to convey it to its destination. 

Loosening the Material. — The poi’tions of the rook required 
for use must be loosened and separatetl from the main mass before 
they can be subjected to further treatment. Tor this ])urpose, 
picks, wedges, crowbai's, and hammers may be used in some 
localities, but unless the rock is very “ shattered,” or only small 
(iuantiti(\s are required, it is better to loosen it by means of 
ex])losives. 

Blasting. — Boufiioles are drilkal in the I'octk at suitable distances 
from its face and from each otlnu’ and a cJuirge of explosive is 
placH'.d in each liokv On exploding the charge, the surrounding 
mass of roc-k is shatt(U’ed and loosetuul, so that the greater part 
of it can be ])la(ied in wagons or on whe<dbarrows and talcen away. 
Tlu^ la,rg('st blochs may bes br{)ken with a hammer or with a small 
eharg(' of (axplosi v('. 

It is imi)oriant that tlu^ matcuual should r('iu()ved in a wis(^ly 
syst(unatic iiuinnc'r so as to k(aq> tlu^ (puii'ry and working face 
in a. stalxi coiuamic'nt for working, otherwis(^ tlu' future (hnadopment 
of th(^ (piarry may 1)(^ sc'riously hampered oi- ('vam stoppeal. 

Altbougli umny rules hav(^ beam pi’oj)ose(l in ordc'r to ineiaaisti 
the (drieicmey of tlu'. blasting operations, it is still a, fact that Ix'tter 
la'sults will b(i obtaiiual by a,n exp<M'i(meed, inU'lligent (piai-i'ynum 
working without a,ny eonseious adlxuamee to ruk's than theses 
vv'hieh follow from tin* (dforts of souu^ h'ss e,\p('ri(‘ne('d nam who 
app(au' to follow rul(\s closely. In d<‘ei<ling tlu' b(\st position for 
th(^ eharg(‘s of e.\plosiv(‘, as wc'll as tlu^ a, mount of each ehai'gcp 
judguuMit is morc^ impoitaint than any rules, though the latku’ ai'c 
vahuibk^ as rough guide's to genera.l practice' a,nel e)Ught met te) be 
elisre'gjireh'el witheait re'aseen. Tli(' wise' eptarrynnin in ehiirgee e)f 
bliistiug e)pe'ridae)ns will, in faeet, r('giird nde'S as the summary e)f 
ehdu'r me'ii’s e'.K|)eu'ie'ne‘e', rather than as indexible e‘e)mmands. In 
slmrt, thee preafisee me'the)el eef weu'king should ehipend e)n lexeal (a)]ieli- 
tienis, and as these dillei- in each epiarry only ii general ide'a cam be 
given hero. 
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The position of the boreholes should be selected in accordance 
with the natural joints or divisional planes of the stone, as in most 
cases these will determine the limit of the effect of the explosive 
by providing a vent through which the explosive force will escape. 
Tor this reason, it is obviously wise to drill across the horizontal 
or inclined joints or planes of fracture and not along them. As 
the greatest effect will be obtained if the explosive meets with an 
equal resistance in every direction, this position should be chosen 
where such an effect is desired. Hence, the depth of the borehole 
should usually be equal to its horizontal distance from the face, 
though much will depend on the structure of the stone, the number, 
size, and position of the joints in the interior of the rock, and the 
tendency of the stone to break along particular lines of weakness. 
When very large quantities of rock are to be shattered at once by 
means of a single, heavy charge, it is particularly necessary to 
find a part of the rock of great uniformity, as if this is not done 
there will be a serious waste of explosives owing to much of its 
force being dissipated along joints, fissures, and cleavage planes. 

It is often advantageous to prepare a number of boreholes and 
to explode them all at the same time, as the effect is thereby 
increased if the holes are not too far apart. It is often difficult 
to decide whether a single large charge — constituting a “ chamber 
charge ” or “ mine ” — is preferable to a series of boreholes fired 
simultaneously. 

The size of the boreholes depends on the exj)losives used ; with 
gunpowder, holes 1 in. or in. diameter are usual, but for dynamite 
smaller holes may be used. Very narrow holes arc not aclvisable, 
however, as they are difficult to charge properly. Boreholes more 
than 3 ft. deep are usually 2 in. or more in diameter for the upjxir 
part and 1 in. diameter for the last 3 ft. The holes should b(‘. truly 
circular and cleanly bored. Before use tlieir exact size', and {Uq)th 
should be tested by inserting a suitable testing-rod. 

The depth of the borehole should not extenrl to a. horizontal 
joint or plane of fracture. Where there are two fi-cHi fae.es to the 
rock to be blasted, a horizontal line from the borehole'- to the luaii'est 
face should be about two-thirds of the depth of the borcihohe ; 
in some (unusual) circumstances very deeji boreholes re'.latively 
near the face would be justifiable. 

The toughness of the rock is also an important factor, as a tough 
rock with few seams or bed planes tends to break into largei cubical 
pieces requiring excessive secondary blasting. Tlu^ best nu^thod 
of dealing with such rock can usually be determiiu'd only by 
experience, though much may be done by varying the dianudur 
and spacing of the drill holes, or the amount and natures of the 
explosive. 

An examination of any quarry where an excessive amount of 
secondary blasting of the large loosened blocks is requii'od will 
show that it is largely dependent on the skill employed in the 
primary blasting. For instance, an improper arrangement of the 
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drill holes, imperfect balancing of charges, or the use of too powerful 
or too weak an explosive may result in a very inefficient blast and, 
as a consequence, the loading may be greatly hampered, particularly 
where many large charges are fired simultaneously in deep churn- 
drill holes, the inass of rock thrown down occupying the fillers 
for several weeics or oven months. If the rock is imperfectly 
shattered or improperly thrown down, excessive secondary blasting 
may be required and the filling of the wagons may be both slow 
and difficult. On this account it is a false economy, both of money 
and labour, to place inoxi^erienced men in charge of the blasting. 

Drilling the boreholes is a matter requiring considerable skill 
and care, as a faulty hole may cause a serious accident. The 
boreholes may bo made in several different ways : (i.) by hand, 
(ii.) by augers or screw drills turned by hand power, with or without 
a mechanical feeding appliance, (iii.) by rotary power-drills, (iv.) by 
percussion power-drills, and (v.) well-drills. The height of the 
face, the depth and diameter of the holes, the hardness of the rock, 
cleavage and wetness of strata, the necessity or advantage of 
speed, and other conditions, vary so much that there is no single 
system of drilling which can be used exclusively to the best advantage 
in all cases. 

When the amount of drilling is sufficiently large, the cheapest 
method is by means of a pneumatic hammer, a wave-transmission 
device, or other power-driven appliance ; but where power is not 
available the much slower hand-drills arc used. The old hand- 
drill or jumper will always be of .service where it is difficult to 
supply air or steam, especially for small holes and to depths not 
exceeding 15 ft. The tools required for this work are a 6-lb. sledge- 
hammer and three', drills or spuds, varying in length from 3 to 4 ft. 
for th('. shortest, iq) to 10-12 ft. foi* the longest. It is nece.ssary 
to have these lengths to suit the convenience of the men as the 
hole d(K'.|)(ms. Tlu'. drills are of tool .sbud J-l.} in. in diameter; 
the lowei' (uid is sometiimw drawn out to a fan-.sha])ed bit or cutting 
IKjiut. A biuiket of watcu-, a dippeu-, a brush or “ swab,” and a 
serapc'r foi- (fieauing tlu', drill ai'(^ also lUH'eh'd. The di'illers usually 
l)rovid(^ their own swabs by e-utting a young .sapling (preferably 
of hic.koi’v) an inch or so in diameter a.jul about 10 ft. long ; ])rior 
to using it oiu^ end of this stiefie is Ix'aten with the sledgi^-haniiner 
so as to fray it for a h'ugth of O-S in. and to eouvc'rt it into a rough 
brush. 

In drilling a vertic^al hole by hand, oiu' man uses the sledge- 
hammer, another holds the shorO'st drill at the ])oint selecded 
for boring. Tlui man with, tlu^ sh'dgfwhamiiu'r ((talk'd the striker) 
strikers th(^ drill with (piiek sharp blows, and tlu' drilk'r raises the 
drill a shoi't distance, between eac-h blow of the skulgo and, during 
tlui sanu'. interval, twists the drill through an angle of 30-40 degrees. 
.Laeh twelve blows, tlu'.refore, cut the bottom of the hole over 
its entire area, c.reating numerous small ehi])s of loosened rock. 
This procedure is continued until several inches of rock have, been 
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drilled. A little water is now poured down the hole and the brush 
end of the swab inserted, and after moving it up and down several 
times, it is withdrawn laden with the newly made mud. The swab 
is then given a sharp blow or rap over a block of wood or a stone, 
thus freeing it from the accumulations. A little more water is 
then added and the work proceeds until a hole of the desired depth 
is reached, usually not exceeding 10 or 12 ft. The hole is then 
dried and cleaned out as carefully as possible by pouring down a 
handful of dry dust and withdrawing it in a spoon or scraper, 
this “ dusting ” being repeated as often as necessary. In wet 
rocks, or those permeated by water-bearing seams, this “ drying- 
out ” is very difficult ; it may be avoided by using a cartridge 
of oiled or soaped paper, which will slip down the hole quickly 
and permit a shot to be fired before the water soaks through the 
paper. 

Drilling by hand, using a l|,-in. drill in fairly hard stone, costs 
17d.-23d. per foot. Three men will not usually drill more than 
15 ft. per day with a I j-in. drill. 

An auger or screw drill (Fig. 36) is limited to rocks of about 
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the hardness of coal and is not really ai)))lic.able to hard rocks. 
The simplest form of this drill is fitted with a double bi’ace or 
handle devised for rotating the auger, the man using lioth his 
hands to maintain the motion, and his chest to supply the pr(\ssure 
of the drill against the rock. This sinqile form is only ap])lical)lc 
to very soft materials ; for hai'der I'oc-ks, a frame is lix(‘d Ix'tweim 
the floor of the quarry or mine and some point above, in the hic(‘ 
of the rocks or in the roof of the mine, and is hracc'd in position 
by screws and guys. The augei' is jnounted on. the (md of a long 
screw or threaded steel bar, which is jiasscd through a nut or Icmalc 
screw fastened in the frame. By tuiuing tlu^ screw, it Icculs itsedf 
forward at the rate of about in. pen- resolution. The turning 
is effected by a crank or handle on the end of the scre-w oi' by the 
intervention of gears with two oi' three different rates of motion, 
if the rock to be drilled is fairly hard ; the power is supplieul by 
the driller himself. A man will drill a 3-ft. hoh^ 1 )’-2 in. dianu'tc'r in 
ordinary rock in twenty to thirty minutes, and often much (piiekei-. 

Auger or screw drills ai'c of good s(U'vie.('. in iniiu's whei'e^ iJie 
roof or floor offers facilities for fixing them in position. They will 
bore holes at almost any angle, but most easily wlum horizontal. 
They are used, but not so handily, along the floor of a bank in an 
inclined position, and for making horizontal holes or holes inclined 
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downwards. They are seldom satisfactory formorjng vertical iol^ 
in open workings. : ; " x.. 

Rotary j^ower-drilla and permssion jjower ar'e'^ only., used-- 
in the larger works, though a rotating drill driven by‘ cdin'ptes'led > 
air will bore small holes faster than any other drill. Part of the 
exhaust from these little machines can bo turned down through 
the hollow di’ill to blow the cuttings from the holes. Ordinarily, 
l|-in. holes, not more than 6 ft. in depth, are the largest which can 
bo made by the smaller-sized hammer-rotating drills. For the 
best results these drills recpiire about 50 cu. ft. of free air per 
minute, under a pressure of 80- 
100 lb. j)(M’ Htpiare inch, liotating 
hammer drills are especially valu- 
able where there are so many larger 
pieces to be broken. 

Percussion drills include those 
o])erated by (iounteri)oise weights, 
electricity, oi' other sim])le source 
of ])ower, pneumatic, hammers and 
drills o])erated by e()in])ressed aii‘, 
and the drills o])erate(l by com- 
pressed licpiids (wave - transmis- 
sion). 

Steam (Fig. 87) or air tripod 
drills are suitable for v(u-ti(!al, 
horizontal, or inclined l)or(liol('s 
up to 4 in. diamc'tcu'. l)ei)ths 
gi'catc'r tluiu 20 ft. can hc^ reaclied, 
but the long rods rcaiuii'C'd for 
dec'pcu' hole's a,rce dillicultto handle. 

Undcu’ good conditions oiui of ilu'sei 
drills will borci a vc'itica.! hole 00- 
90 I'i. dc'op, or a horizontal hoh^ 

20-50 ft. in Icmgth ih'i- day. For Kni. in. -'rrijx.d drill, 

drilling fa.ii'ly hard rocks, a chisel 

or drill with a, faii'ly acute' angle' slieudd he' use'el, hut if tlu' ste)nc is 
se)ft, a drill e)F wieh'. angle' shoidel he' uscel, as an ae-iite' drill will he^ 
janune'e! in se)ft i'e)e-k hes'ause' the' eli'ill pe'ue'tratcs fastc'r than the^ 
ie)e)se' mate'i'ial eean hc' e'le'are el aAva.y. 

Fe)r reeugh gre)unel whie'h will ne)t pe'i'init the' use' of a we'll drill 
or le'dgechhisl.ing a. tripod eli'ill may he* femnel ve'ry sati.sfae'teiry. 
Tri])e)el elrills re^epiire^ twei nu'ii c'ach, a. runiu'i' aiiel a lu'ljx'r, theaigh 
in seime^ e'ire'um.sl.aiu'e's erne' lu'lpe'r is ele'C'ine'el suFHe'ie'ut for twe) elrills. 

Fiu'umatie' luimme'r drills (Fig. 88) are^ ve'ry use'ful peii'tahle^ 
mae'hiru's. ddic'.y e'emsist eif a e-ylinde r litte'el with a plungc'r having 
a streike^ eif aheuit ! in. Attae'lu'el te) tlm plunge'r is a sliele' vafve', 
se) arrangc'd that wlu'ti the' plunge'r is at one' e'lul eif the' e'ylinelcr 
coinjireissod air emters hchinel it and drive's it feirward te) tlm otheu' 
cnel, at the same time cle)sing eene valve' and e)pcning another wliich 
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reverses the motion. At each forward motion the plunger strikes 
the 'drill head and drives it into the rock. Such drills are capable 
of 800-1000 blows per minute and will drill very rapidly. Many 
different patterns have been patented, but they all work on the 
same general principle. They can be operated by one man and 
equire less labour than tripod drills. 

The power used in working percussion drills is usually steam 
r compressed air, but water (wave - transmission) offers great 
possibilities. 

Air compressors (Fig. 39) are of three chief types ; (a) the 
horizontal slow-speed, (6) the vertical quick-revolution, and (c) the 
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Fra. 38. — Hammer dril). 

turbo-compressor. The durability of ty])o (a) and the case with 
which it can be repaired and adjusted makes it ^ropular, but it 
requires large foundations and buildings. The verticial (luick- 
revolution type has the advantage over the horizontal typr^ as 
regards the space occupied, but the general inaccessibility of its 
parts and the heavy cost of upkeep are against its wide arl option. 
The turbo-compressor is chiefly used for very large j)lants. Thci 
efficiency of the turbo-compressors has been gi-eatly improved, 
but even yet it is questionable whether they are as efficient as 
reciprocating compressors. Moreover, in actual pi'acticc, com- 
pressors are often run much below their full load, and the efficiency 
of the reciprocator under these conditions is much higher than that 
of the turbo-compressor. 

Full details of the construction of each tyjm of compressor 
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need not be given here, as they can be readily obtained from the 
manufacturers. In selecting a compressor the following factors 
should be considered : 

(i.) The primary power used for driving it must be reliable 
and efficient. 

(ii.) The suction stroke of the compressor should, throughout 
its length, fill with air at atmospheric pressure. 

(hi.) On the compression stroke there should be no loss of air 
as a result of the inlet valves closing too late, nor should there 
bo any leakage back ; the whole contents of the cylinder, less 



lii(/('rmill-Jiuiid Co., Ltd., Londun. 
Kid. .‘50. — Ail- (!omj)re.ssor. 


the iniiiiimiin clcai-ance, should be dischargc'd through the outlet 
valves. 

(iv.) The outlet or discharge should have an ojiening of ample 
area ; it should ojum automatically on the leipiisite pressure in 
the i-eceivei- being r(^ached in th(> (tompri^ssion-cylindei-, and the air 
should b(i disikarged at a jircssure as little above that in the receiver 
as ])ossihl(n as an exiu'ss ol ])r-essure caiuses a rise in temperature' 
with an increase in the volume, r('(piiring a corresponding increase 
in the work iK'.ceessary to compress and dischaige the air. 

(v.) The dischai'ge valves should have^ sufiicient width of seating 
to ensure their keeping (piite tight, so that no loss may take place 
by a k^akage back into the (cylinder. 

(vi.) Th(^ valves should be self-adjusting at all sjieeds and 

])ress\u‘es. . 

(vii.) All valves and the jnston should be easdy accessible lor 

examination and reiunval. 

(viii.) The compressor should have full volumetric efficiency. 
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(ix.) Wear and tear should be reduced to a minimum. 

(x.) An efficient unloader must be fitted. 

(xi.) A good fly-wheel and an efficient governor are ^sential. 
(xii.) In two-stage compression the efficiency depends upon 
the intercooler, which should keep the high stage intake aii' at the 
same temperature as the lower stage intake air, and air-cooled 
to within 20° F. of the temperature of the entering cold water. 
The supply of water for the intercooler should be"^! gallons per 
minute per 100 cu. ft. of free air ; more water i.s an advantage il' 
it is available. 

(xiii.) The receiver should be placed within 40 ft. or 50 ft. 
of the compressors, its use being (1) to eliminate pulsation effect, 
(2) to minimise the frictional loss attending the flow of the air 

in the lines, (3) to serve 
as a reservoir, and (4) to 
cool the air and cause it to 
dej)osit its moisture. 

(xiv.) The receiver must 
be of ample size (one or more 
auxiliary receivers near to 
the face often effect a sav- 
ing). By adopting a receivcir 
of large capacity th(! (!om- 
jDressors can run at a cion- 
tinuous speed — the pn^ssure 
being retained for a l()ng('r 
period with greah'r ])()w(U', 
and the periods of mini- 
mum demand are utilised 
by the coupjrcvssors in (ill- 
ing up the reeeiv(u- and 
increasing the (dlicicincy of 
the ])lant. 

Compresiied liquids are chiefly u.sod foi' the wavc'-transmission 
method invented by C. Constantinesco, and used in the machim's 
suiDphed by W. H. Dorman & (do., l,td., of Stafford (Kio- 40 ) 
Wave-transmission may be briefly described as a mode of (mnwn’im^ 
powei by a series of impulses, imparted to a column or pip{* line 
ot fluid, usually water, by a very simple generator coupled to a 
steam engine or other prime mover. The.se impulsivs oi' wrnvi's 
travel at the same speed as sound and thev can follow each oih(>r 
at any desired interval. The givat advantage^ of wavc^transmission 
as compared with compressed air is its economy of powvi', which 
in the end, of course, means a saving of cost. In working’ a I'oc^k 
dull, for example, wave- transmission delivers (ught times as much 
power at the rock face as comjiressed air, with tlu^ sanu' input 
of power. The difference represents, i-oughly speaking, a saving 
of 70 j)er cent in power. ' ' 

There appears to be an enormous future for wave-transmission, 
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which, will count as one of the big engineering advancements of 
the early, twentieth century. 

Exploilv^^— The explosives used in blasting sandstone, etc., 
are of vaHSus- kinds, and considerable care and skill are needed 
in their se|pction. Eor very soft stones and merely for loosening 
large blook|, gunpowder or other relatively slow explosive applied 
in fairly large quantities is the best ; but for hard stone which is 
to be reduced ita small material an explosive containing dynamite, 
or one of the modern safety explosives, is jnore suitable. On the 
whole, dynamite and other high explosives are preferable where 
a heavy shattering effect is required. 

The practice of drilling a hole, enlarging the base by first 
exploding in it a charge of gunpowder, and then filling the enlarged 
hole with a more powerful explosive, is economical, as it reduces 
the number of holes required, but it is accompanied by serious 
risks, es]iocially if the first charge has not been completely exploded. 

The amount of explosive required depends on (1) the kind of 
explosive used, (2) the depth of the borehole, (3) the line of 
least resistance. It is roughly inversely pi'oportional to the number 
of free faces of the rock to Ire blasted. Thus, a rock with two 
free faces will reciuire only half the ex])losive needed for a rock 
with only one free face ; a rock with six free faces will require 
only one-sixth as much explosive, and so on ; another useful 
rule in c.alculating the amount of explosive required is to divide 
the cube of the (hqkh of the. borehole by 25 ; the quotient is equal 
to the number of ])ounds of gunpowder to be used in each charge. 
Thus, if the borehole is 3 ft. dee]), the cuibe is 27, and this divided 
by 25 gives l-bS, so that lathcr more than 1 lb. of gunpowder 
should be used, kor v(U'y large blasts, the maximum amount 
of gun])ovval(U' to b(' us('d is about 1 lb. foi’ eacli 3 tons of I'ock, but 
for some I'oeks as lill.k' as 2 oz. per ton of I’oek may suffice'. In 
many insf.a-nees tluM'e is a- sm-ious waste* e)f e-xplosive's, ehu' partly 
f.o using too imu'h in e'iU'h eduirge' aeiel partly be) wreeiig elisti'ibutie)n 
of the) bore'fiole's. The' e)bje'e't in (]uai'rying is be) ruptui-e) and le)ose'n 
the) re)ek, not to hurl it a gre'iit distjirie)e) ; hene)e', e)nly e'ne)ugh she)ulel 
be' use'el te) ae)ee)mplish wliat is reepiire'el. Wbe'i’e' imu'li of the) re)e)k 
is bhreewn a gi'e'at elisbaiu'e', it is e'vieh'iit that tex) large) a e)harge) 
Wiis use'el. With ve'ry harel l•e)e'ks it is elilfie-ult te) ave)id this kinel 
of wje.ste'. 

Charging the boreholes re'epiii’e's gre'uT ceire'. Wlu'n gunpowder 
is use'd, f ile' hole* should lirst be) te'ste'el as be) eliiime'be'r auel eh'pth ; 
it shoulel blu'ii be \vi|)e'el e'le'a,n and dry with a e‘le)th e)n blu) eiiel e)f 
a reel. A lifi.h' of t he gunpe)weler is plaee'el at the) be)ttoni e)f the) hole 
by iiu'a.ns e)f ii /.inc funne'l, a pie'e-e* e)f fuse ' with a bliisting-e)ap 
is inse'rl.e'el, the' re'iuiunde'r e)f blu' charge) is thc'n ])e)ui'eel inte) the)he)le, 
a.nel it piipe'i' Witel presse'el e)U top e)f the* e-hiirge by nu'ans e)f a woe)de'n 

' biic'cl riciil (loloDiit-ioii is .sal'of Miitii Mii' uso ol' )i I'liso. Soirx' (jiuirry 
managors oiajiloy boMi a dcM onal.or and a fei.so, in I ho hoj)() tliat, if llio fonnor 
fails, tho laLtor will oxplodo Iho ohargo. 
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od. The hole is then filled gradually with air-dried clay, or fine 
Lried sand, which is inserted in small quantities at a time and 
ammed tight after each insertion. The length of the fuse used 
oust be sufficient for it to project a suitable distance from the hole 
uo permit safe ignition and escape before the explosion occurs. 
Sand appears to be preferable to clay as a packing material, as 
it requires less time to fill the borehole, avoids many accidents 
consequent on misfiring, and does not require so much tamping ; 
in fact there is usually no need to tamp much if fine dry sand 
is used. Skilled tamping greatly increases the efficiency of the 
explosive. 

Various other methods of charging are used when gunpowder 
is employed, but they are by no means free from danger. 

When a high explosive or safety explosive is used, it is supplied 
in the form of a cartridge which is placed at the bottom of the bore- 
hole ; a detonator is then attached and the hole filled with clay 
or sand as before. Dynamite charges are placed in the same manner 
as powder, the first stick being pressed into the bottom of the 
hole, then a primer or blasting-cap, with the fuse attached, is placed 
as near the centre as possible. The remainder of the chaige is 
added and finally tamped with clay, sand, or brick-dust. Many 
quarrymen consider that placing the primer on the top or at the 
bottom of the charge gives just as good results as placing it in the 
middle. When firing electrically, care should be taken to connect 
the lead wires properly to the fuse, but never to connect the lead 
wires to the battery until everything is ready to fire. To pre])are 
the primer when firing a safety fuse, the end of the fuse should bo 
cut squarely across and placed in the cap, after first making sure 
that the fuse is perfectly dry. It is necessary, when jnishing the 
fuse into the cap, to be careful that no twisting occm-s. Tlu^ fuse 
should just touch the fulminate or the varnish ]U’otccting it. Then 
with a pair of j)liers or crimpers (and not with the tcndh) the cap 
may be fastened on to the fuse. An opening is made in the dynainit(^ 
stick with a wooden plug and the fuse is placed in this opening. 
The cap should touch the dynamite on all sides, sinec^ any spa.(;(i 
around it causes a cushion of air and lessens the ciihct of the 
detonation. The fuse is then firmly tied in place. 'Idici primer 
may be waterproofed by means of soap, tallow, or wax. Tlu'. 
string holding the fuse in place should be of sufficient length to 
enable the primer to be lowered gently to the bottom of the hole. 
The charge should never be lowered by means of the fuse. 

Cartridges containing dynamite should be quite pliable. If 
hard, they may have been frozen and will require to be thawed 
before use. This should be done by placing them for several 
hours in water at a temperature not exceeding 125° E. ; boiling 
water should not be used, nor should the dynamite be ])laced near 
a fire. 

The storage of explosives must be in accordance with the 
Explosives Act of 1875, and subsequent orders issued under that 
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Act. Particulars can be obtained from the Chief Inspector of 
Explosives, Plome Office, London, S.W. 

The fuses used are of two kinds — those ignited by a flame and 
those ignited electrically. Elaine ignition is much more risky and 
uncertain than the use of electricity, so that the latter should be 
employed whenever possible. 

Ignition fuses are of different kinds. One of the best — invented 
by Wm. iBickford in 1831 — consists of a tube of jute filled with 
gunpowder and provided with an outer casing of rubber where 
necessary. The so-called “ instantaneous fuses ” consist of a series 
of wicks of compressed powder, the ends of which are fitted into 
a metal tube and connected to the slow fuse. These fuses are 
specially used for firing a number of shots simultaneously. 

Electrical fuses arc of two kinds, with high and low tension 
respectively. In the high-tension fuse the detonating mixture 
is ignited by a series of electric sparks which pass between two 
copper wires in the fuse, whilst the low-tension fuses contain a 
thin platinum wire which glows on the passage of the current 
and so ignites the priming. For sandstone and allied materials, 
a low-tension fuse is generally best and is much more certain in 
action ; moreover, it can easily be tested, which is not the case 
with a high-tension fuse. 

The following are the chief reasons for preferring electrical 
exploders : (1) with an electrical exploder one, hundred and fifty 
charges, or any smaller number, can bo fired simultaneously; (2) an 
electrical ex])ioder allows the borehokis to be tam])ed better and 
gives the fullest confinement to the gases ; (3) there is a greater 
development of the cx])losive force and consequently a greater 
effect ; (4) an electrical exploder produces less smoke and fumes 
and ]iermits the worlcmen to return more quickly to the working 
face ; (.5) bctfiir results are obtained with a smaller quantity of 
explosive', so that an electrical ex[)l<)der costs less to use ; (6) with 
a rlu'ostat and galvanometer, the ('k'c.trieal ('oniK'ctions can be 
i('st(‘d to assure their being in order, and to avoid mislires ; (7) the 
shot lirer stands at a safe distance and does not o])erate the ('xploder 
until ('V('ry one is out of the dange'r zone : be has eompk'tc' control 
of tlu' ('ntire blasting ; (8) there is no nee'd for matches, torelu'S, 
or opeuv fianu's for detonating explosive's, wlu're an electrical 
explode'!' is use'el. 

A hlasliiKj-cap e)r ek'teumte)!', e‘e)ntaining mereuiry fulmiiuite or 
e)the'r suitiible' iiifite'rijil, must be fiiste'ueel te) the' enel of the fuse 
whie'h e'ute'i's the' l)e)re'he)k'. The pui'pe)se' e)f this e'iip is to ti'ansmit 
the' spiirk fi'e)m the' fuse' te) the expk)sive' in such !i way as te) start 
the e'xpk)sie)u. Wlu'U ein e'k'e'trieal eletomite)!' is use'el ne) fuse is 
nex'deel, the' ele'te)niite)r iieding elii'e'e'tly e)n the' e'iip. The ca[) she)uld 
be' cai'e'fully e'l'impeel e)n te) the enel e)f the' fuse', se) as te) ensure' the 
I'e'quisite' e'e)td,ae't. Blasting-ea])s are' elange're)us anel shoulel be 
ste)re'el in a elry place whei'c they can do no harm ; they are spoileel 
by dampness. 
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bors should comply with the following conditions : 
aould contain a sufficient charge equivalent to at least 
and preferably 1-75 grams, of pure fulminate (nitro- 
es being taken as equal to double their own weight of 

e) ; (2) the fulminate charge should be disposed in such 

a way as to detonate with the highest possible velocity : this should 
be about 11,000 ft. per second for fulminate and 15,000 ft. per 
second for mixed detonators ; (3) the length of the charge of 
fulminate should not be too great in proportion to its diameter, 
otherwise defective propagation may ensue. 

There are four methods by which the power of a detonator 
may be tested : (a) the lead-block test, (b) impact test on sheet 
lead, (c) rate of detonation, and (d) practical tests on limit- 
density and humidity. Of these tests the second alone seems 
capable of being performed without the special facilities provided 
in a laboratory, but it has the disadvantage of not showing whether 
the detonation has been complete ; method (d) appears the most 
reliable, though only comparative. 

Since all cartridges are of approximately the same diameter, 
the detonator which will most easily produce complete detonation 
is the most powerful. 

The exploder (sometimes called a detonatot, though this term 
is usually applied to the primer) is a device for producing an electric 
current which, in turn, may produce a spark or heat a wire to 
redness according to the kind of fuse used. Of the various (hwiees 
available for producing an electric current, a ]U'imary battery is 
uncertain, a magneto -machine requires periodical attention to 
keep the magneto in order, an accumulator is good, but i-et|uii'(is 
frequent charging, and a dynamo machine is quite jxa'uianent 
and satisfactory in every way. 

The capacity of an exploder is defined by the maxiumin number 
of detonators it can fire simultaneously, without any missc's, at 
the end of a line having a given resistance. This (capacity depcmds 
essentially on the nature of the detonator used and may vaiy 
within wide limits. It also de])ends on the velocity im|)a-r't('d to 
the mechanism by the shot-firer, but this cause of variation ca.!!. Ix' 
abolished by employing a spring that cannot be i'(d('as('d until 
fully wound up. 

The capacities stamped on the ex])lodors are only appro.ximatc', 
and their real value should be tested from time to time by (-on- 
necting up a certain number of detonators in series at tlu^ 
end of a line of known resistance, and finding how many can 
be fired at the same time without any failure. If tlu^ explode)' 
is of the variable velocity type, the operating nu'Uiber should be 
actuated at a moderate speed to allow for the ])cu'soniil equa- 
tion of the shot-firer. In order to establish a niai'gin of sfifety, 
the resistance of the test-line should be greatei' than that of those 
actually used in practice (to allow for defective connections, etc.), 
and the number of the shots fired in a volley should, in prac- 
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tice, be about 25 per cent smaller than those successfully tried in 
the test. 

The cable connecting the exploder to the charge should contain 
two separate copper wires well taped, insulated, and covered with 
plaited cotton. The cable should be kept on a roll or drum, 
and special care should be taken to avoid the formation of kinks. 
The electrical conducting power of the cable should be tested 
occasionally and any bare places covered with insulating tape. 

Secondary blasting is a term applied to the use of explosives 
to large blocks which have previously been loosened from their 
beds but require to be still further reduced ; such blocks are 
either drilled and blasted again as described on p. 297, using a 
smaller charge, or they are “ mud-capped.” 

Mud-capping consists essentially in laying a high explosive on 
the block, covering it with clay and then exploding it. This 
method can only be used with explosives having an effect which 
is greater in a downward direction than in others. The charge 
should be placed on the spot which would be struck with a sledge- 
hammer if the rock were small enough to be broken in that way, 
and should be placed in a solid mass by slitting two or more paper 
cartridges and uniting the contents, taking care not to spread 
them more than necessary. A blasting cap crimped into the fuse 
should then be placed in the middle of the charge and the whole 
covered with 6 in. of damp clay or sand, pressed firmly over the 
explosive, care being taken not to cover the outer end of the fuse. 
If the block is cracked or seamy, the charge should be placed in 
a depression and covered with a quantity of clay or sand as described. 
Mud-capping is very wasteful of explosives, as 1 oz. of explosives 
in a 1-in. hole 12 in. deep has practically the same effect as 1 lb. 
of unconfined explosive laid under a mud-cap on the rock. On 
the other hand, clrilling may cost as much as, or even more than, 
the additional explosive used in mud-capping. 

Mining Sand-rocks 

Mining is only employed for excavating sandstone, ganister, 
etc., when they occur under so great a de])tli of overlying strata 
that open quarrying is impracticable. The methods used are 
precisely the same as in other branches of mining, and are fully 
described in mining text-books. 

Intermediate between mining by vertical shafts and open ([uarries 
is the use of a system of adits, drifts, or tunnels, extending in a 
sloping direction, usually of the same inclination as the di[) of the 
material. Such an arrangement saves the cost of a vertical shaft 
and yet has all the other advantages of mining. 

Adits are specially used in localities where the thin workable 
beds with a steep dip are worked from the outcrop. Where possible, 
the adit should be inclined downwards towards its entrance, as 
this facilitates drainage ; it is not always possible to do this, as 
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the adit must, to a considerable extent, follow the dip of the 
beds. 

The most common method of opening a mine or an outcrop 
is by horizontal entry. What is termed the “ glory hole ” method 
is employed in some mountainous regions. A tunnel is driven 
horizontally into a seam, and at the inner end of the tunnel a large 
chamber is blasted and used for the rock from above to be removed. 
A funnel-shaped shaft is then driven to the surface and the rock 
quarried round the opening in a circle of ever-increasing size, and 
the rock is gradually worked down into the chamber. Accidents 
are common, so that this method, whilst common, and often the 
cheapest, is seldom really satisfactory. 

When working in an adit it is generally necessary to loosen the 
material by means of crowbars and wedges, explosives not usually 
being permissible. The loosened material is then hauled through 
the tunnel or adit to the open air. 

Mining is so much more costly than open quarrying that the 
latter should always be used when possible. 

The cost of quarrying may vary from 3d. per ton for a very 
soft material excavated and loaded with a steam navvy, to 3s. 6d. 
per ton for a hard rock. The cost of mining, on the contrary, 
is seldom less than 2s. per ton, and sometimes rises to 18s. per ton 
of material delivered into the pit wagons and drawn to the surface. 

Loading Sand or Stone 

By whatever method the sand or stone may have been woT'ked, 
it must be placed in or on suitable wagons for transi)()rtation ; 
this process is known as filling or loading. The method of filling 
depends largely on the nature of the material and the spac^o available. 

In mines where space is limited, hand-loading is usually (uu])Ioyed, 
but in quarries where sufficient space is available, it' is |)ossil)k^ 
to employ more rapid means for loading the trucks for conveying 
the material from place to place. The ])rincipal means whic.li 
may be employed are grabs (p. 2H7), steam navvies (p. 2K3), laddei- 
excavators (p. 290), scoops (p. 282), and bucket (devators or 
“ portable loaders ” (p. 309). 

Bucket Loaders. — Where the material is in suffic.i(mtly small 
pieces {e.g. less than 3 in. diameter) and it is to be loaded into large; 
trucks, it is often convenient to u.se a bucket load(;i' or similai’ 
device, consisting of an endless belt on a ])ortable framework, 
the belt being provided with buckets (Fig. 41) and driven by an 
electric or petrol motor. If the inclination is not very steiep', the 
buckets may be omitted and an emdless belt used. 

These loaders are so arranged that they can work at any suitable 
angle, and a spout, which can be moved radially, is fitted to the 
delivery end of the machine. Most of the earlier patterns of loaders 
required to have the materials shovelled into the buckets by hand, 
but the more modern ones are self -feeding. This great improvement 
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is effected in two ways : (1) the machine is forced into the pile 
of material during the loading process, or (2) a pair of rotary discs 
scoop the material automatically into the buckets. 

A well-designed loader in good working order will deliver 
1 cu. yd. of sand per minute as a fair working average, and will 
travel at the rate of about 60 ft. per minute in moving from one 
pile to another under its own power. When desired, two or more 
of these loaders can work in series or with belt conveyors. Such 
an arrangement is particularly convenient where it is necessary to 



Winget Ltd., London. 
Fro, 41. — Winget bucket loader. 


convey the sand or stone over a pile of overburden or other material 
which it is not desired to move. 

Transport and Haulage 

Various methods are used for conveying the sand or stone 
from the pit, quarry, or mine to the crushers, screens, etc. ; several 
methods are often used simultaneously. 

The use of wheelbarrows ^ and horses and carts is so familiar 
as to need no description. They are convenient, and for short 

^ For distances up to 30 yards a man with a wheelbarrow is usually 
cheaper than a conveyor for medium or irregular outputs. 
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distances are often economical, but in many instances could be 
profitably replaced by power -driven appliances. 

All barrows should be built so that they are well balanced, 
the weight being thrown on the wheel and not on the man’s hands ; 

'namome MacUvmy Co., IM^London. wholly of WOod. _ 

In connection with 
Fio. 42. Ransomc tip-cart. wheelbarrows, a useful 

device known as the 


Ransome Tip-cart (Fig. 42) may bo mentioned. This consists of 
a peculiarly shaped body holding 6 cu. ft. of material, or thrc'e 
ordinary wheelbarrowfuls ; it is made of welded steel plate, the 
body being mounted on a pair of steel wheels 3 ft. (5 in. in cliauudi'r. 
Owing to its peculiar shape and construction, om^ of these carts 
when full can lie pushed by a boy without undue fatigue. 

The amount which can be hauled by a lioi’se is greatly increased 
if the cart is replaced by one or more wagons running on' rails. 

Tramways (Fig. 43), with either horses oi- imichanicaJ ha,ula,g(g 
are very efficient if well designed foj- the ])articular woi'ks in wliich 
they are used; but many tramways are (]uite ineffici(‘nt on account 
of their being badly de.signed, or the rails not being taken sullicicntly 
close to the face ; this is a defect in tln^ ])lanning of tlu^ works 
rather than of the tramway as a method of transport. 

Tramways are, in many respects, oik' of tlu^ most suitabhi nuains 
of transport, as they can be used in had weatlu'r and under condi- 
tions where other appliances will fail to work. The original cost of 
con.struction is not excessive, and maintcMianc.e. is simdl if tlu^ road 
is well cared for. If allowed to get into a l)ad state, ti-amways may 
cause great losses through the excessive wt^ai' and t(‘a,r 'on th'e 
wagons, as well as through waste of power if the wagons ar(' mov<'d 
by rope-haulage. If the wagons are to be mov('d by num, it is not 
well for them to hold more than cu. yd. of mateilal, and, for most 
purposes, rather less than this is preferable, whilst for ])onv-traction 
on a fairly level track about twice this capacity will Ix^ found 
convenient. If the wagons are unnecessarily small, tinu^ will be 
wasted, but if they are too large, additionar men will be ixapdred 
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to assist ; the latter are not fully employed in productive work 
and thus cause waste of money. 

The rails of a tramway may be laid either temporarily or per- 
manently, according to circumstances, or a combination of both tem- 
porary and ]3ermanent rails may be used. For very short distances 
men may push the wagons, but where the distance is more than 
30 yds. the use of either horses or some form of mechanical haulage 
is preferable. 

Mechanical haulage along rails is of three types : (a) single- 
rope haulage, (6) main and tail haulage, and (c) endless-rope or 
chain haulage. 

The use of a rope or chain for mechanical haulage is to a large 
extent a matter of choice ; in some cases a combination of the two 
is used — ^part of the track being controlled by a chain, with rope 



terminals for the better winding off the drum. Rope is usually 
preferred on account of its cheapness, but for steep inclines a chain 
provides a better gripping power. Freshly discarded colliery ropes 
are usually satisfactory foi' haulage in saml-})its, but riapiire frequent 
ins])eetion if accidents are to be avoided. 

The single-rope haulage consists, as its name suggests, of a 
single rope, one end of which is attached to a wagon, w'hilst the 
other is wound round the drum of a ciub or winding device, so that 
the wagon is drawn along by the rope. In a similar arrangement a 
chain is used, instead of a rope. The rope or chain, which varies 
from to 1{ in. in diameter, may be shujle and w'ound on and off 
the drum, according as the wagon is being drawn up to or being 
lowered away from the machine. For this arrangement the track 
(which is single) must slope sufficiently for the wagons to travel 
down it of their own accord. A single rope of this land is only 
suitable for small outputs or for large wagons. It has the dis- 
advantage of making the engine run much more irregularly than 
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•when “ endless haulage ” is used, A modification of the single- 
rope haulage consists of a double inclined track along which the 
loaded and empty wagons travel simultaneously in opposite direc- 
tions, , This arrangement is particularly useful in gravity haulage — 
loaded cars going down the incline draw up the empty cars 
lout any power being needed (see p. 314), It is not always 
necessary to have a double track all the way, as if the ascending 
and descending cars or trucks always pass at the same point, it 
will suffice if the track is double for a short distance. 

In main and tail haulage, one end of the rope or chain is wound 
off one drum, whilst the other end is wound on to another drum 
beside it. This is the ordinary form of haulage for collieries and 
other works where the endless system is inconvenient. Either a 
single or a double track may be used. The drums used for ordinary 



purposes are about 3 ft. in diameter, 4 ft. 6 in. long, iiwolving at 
about 150 revolutions per minute. They may be diiven by steam, 
gas, oil, or electricity. The cable used is generally about ^-in. 
diameter, the drum carrying 800 ft. of it. The dina'tion of mov('- 
ment is reversed by means of a lever and gearing, the motive power 
working continually. 

The cars or trucks usually carry about H eu. yds. of material 
and may be drawn up a gradient of 15 degrees at 350 ft. ])t'r min., 
a power of about 10 li.p. being then required for each car. 

This method of haulage is suitable for relatively long distances 
over variable gradients, but under other circumstances it is wasteful 
in power, as there is no counterbalancing of ascending and descend- 
ing loads, and the amount of rope required is very great ; conse- 
quently it is not used largely in open quarries. 

In endless haulage (Pig. 44) the ends of the rope or chain are 
joined so as to make a continuous band, and the power is supplied 
by means of a horizontal pulley at one end. The wagons are 
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attached to this endless band at approximately regular intervals, 
so that the load on the engine remains fairly constant. This and 
the automatic nature of the haulage constitute the chief advantages 
of the endless system. A complete double track is desirable, but 
not essential ; sufficient of it must be double to allow the return 
wagons to pass the loaded ones. It is also wise to have some form 
of ratchet and clutch on the shaft of the driving pulley, so that in 
event of a temporary stoppage of the engine the loaded cars will 
not travel backwards. The rope or chain is kept tight by a special 
tightening device, for which one of the terminal pulleys can be made 
to serve. To secure the necessary grip, the rope is coiled several 
times round the winding drum. The same purpose may be served 



,]. \y/iilfli('iiil <t' ('(!., /A(t., /‘I'l'slon. 

4.5. — Y-MtapcHl foi-k for rope luiulage. 

by i)assing it round two gi'ooved ])ulley.s, so placed tiuit the rope 
warps its(il' ])artly ro\md c.acli. Wlicn a cliain is used, a sciics of 
gi'i])s ar(', usually cast on the. driving vviunh. 

The wagons used for endk'ss-chain haulage^ should hav(^ a Y- 
shap(al I'oi'k which engages the chaiji (Fig. 45) and forms tlu' sim])lest 
and (aisi('si nudhod of (a)nn<a‘tion. Where, this (U'.vicc' is used, and 
the (Midk^ss chain is made to rise slightly at th(‘ delivery end of the 
track, the wagon is automatically ri^k'ased as soon as it r'caches the 
])lace wh(‘r(' it is desired to stop it. This is done, by taking the 
W'agon to a rather grcaiha- height than is rcaiuired and letting it run 
down a small incline at the last, the chain Ix'ing raised well out of 
tlu'. way. Where' ^ I'ope' is used, a e.li]) (Fig. 4(5) must be eupdoyed ; 
this may also he redeeasc'd automatically. 

One of the best non-automatic elijns on the market at the 
])rcsent time consists of a clip which surrounds the rope and which 
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is opened and closed by a quick-acting screw. If the incline is not 
too steep, a simple Y-clip engaging the links of the chain is ample 
and satisfactory. Catches to prevent runaway cars from doing 
any damage are almost essential, though too seldom used. 

The amount of material to be dealt with in an endless haulage 
system may be found by multiplying the number of wagons added 
per minute by the average weight of material in each wagon. It 
is usual for the rope or chain to travel 1|-2| miles per hour. The 
amount of power required varies from 5 to 40 h.p. according to the 
load, the incline; and the length of the track. 

Which of these three systems is best under given conditions will 
depend on the number of wagons to be attached to the rope at once, 
and whether a double track is possible. Where two tracks are 
possible the endless type is generally preferred, when the individual 



Lonubotham Clip Co., Ltd., Doiirimli-r. 
Fig. 4G. — l{()])o clip. 


loads are not excessive. The direct winding rope witJi main ami 
tail haulage is best suited for drawing tJu) wagons over v(m'v uik'.vcgi 
ground, as the engineman is then abk^, by watcliing tlu^ tigJitiu'ss 
of the hauling rope, to regulate his power to suit tlu^ (^hanging lov('Ls 
of the track ; an endless rope, being run at one continuous s])<h'(1, 
is not quite so suitable in such a case. Wluu'c the. track is in tlu’ 
form of a fairly steep incline the use of a (H)untei-poise will oftcui 
effect a saving in the power required. This method is chiefly used 
for vertical lifts only, but it is equally eflicient for stec]) slo])(is. 

The rope or chain may be over or undcu' the wagons, according 
to the circumstances. Suitable rollers must be ])rovided for tlu^ 
rope to run on, and those must be well lubricated, or th(\y will 
rapidly wear out the rope. For turning a cairve, vc'.rtic.al rolku's 
with a large flange at the bottom, to prevent the rope falling off 
are used. ” ’ 

Gravity haulage is that in which the movement of the wagons is 
effected by gravity instead of mechanically applied power. Thus, 
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the loaded wagons running down an incline may be made to draw 
up a corresponding number of empty wagons merely by connecting 
both sets to a rope running round a pulley at the top of the incline. 

The apjplications of gravity haulage are often very ingenious. 
Thus, by using one or more counterpoise wagons filled with water, 
a series of wagons loaded with stone, etc., may be raised to the top 
of an incline. The water may then be allowed to run out of the 
wagons at the bottom of the incline, whilst those at the top of the 
incline are filled with water. This arrangement is only practicable 
when the filling of the wagons with water is cheaper than the moving 
of the load by engine power. Occasionally, the water tanks rise 
and fall vertically and transmit their motion in a more horizontal 
direction. 

In some cases where the force of gravity is not sufficient, a 
saving in engine-power may be effected by making use of counter- 
poise wagons and other devices, as far as these can be made avail- 
able. Thus, in hauling material up a double inclined track, the 
empty wagons will act as a partial counterpoise to the loaded ones, 
and will reduce the driving power accordingly. To obtain the best 
results, the number of these empty trucks should be at least equal 
to that of the iilled ones, and if material of any kind, such as rubbish, 
can be carried in the opposite direction to the load, an amount 
equal to half the useful load may be so carried, with great advantage, 
provided it does not intcT'fero, in any way, with the working of the 
rest of the plant. 

A ])owei'ful brake is essential in gravity haulage, as, if the loaded 
cars are allowed to travel too rapidly at first, they may break the 
rope and cause a scuious accident. A .simple, yet strong, form of 
band brake around the winding ])ulley is generally used. The 
])rovisi()n of some safety device, either in the form of catdi-points 
or otherwise, to prevent lunaway cars from doing damagti, is veiy 
desirable. 

Wherever possible, it is desirable tt) make much use of gravity, 
as it is usually cheapen' to lift the maternal to a single high point by 
applied jrower, if, from thence, it can disti'ilnited by gravity to 
the points whcn'c. it is required, rathei’ than to hard it to these 
various points by direcdly apjrlunl ])ower. Tlun-e. is indeed a 
considerable^ saving to be (dTeeted by making mueh moi'e. us(' of 
gravity than is eommoidy done. 

Chutes of various kinds are iirvaluabb^ when they can bc^ 
arranged. If propei-ly designed and eousti'ue.ted, they convey 
mabn’ials very rajridly and recpiin^ no powen- oi- attendamee. Much 
use ndght advautagrnrusly be urade of tlunn. 

Ropes. — Tlui I'oires for haulage in (piarries and mimvs are usually 
of wir-e and are •l-in.-lj-in. dianudei-, but thiciker ro])es are used for 
heavy hauls, 'rable LXIIL, by Me.ssi's. hullivant, shows the 
brealdng strains of various kinds of wire rope. 
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Table LXIII. — Bkeaking Strain of Roi^es 
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Wire ropes require frequent attention, as they are subjeet to 
heavy wear and tear, and unless examined and repaired sufficiently 
often, they may fail and cause a serious accident. Bending tlie 
rope round too small a sheave, pulley, or drum, will also cause 
strains which may easily damage it. The effects of abrasion and 
cutting action are also serious, but may bo kept within reasonable 
limits by efficiently lubricating the rope with a hot mixture of tar, 
linseed oil, and tallow. 

Ropes for hauling should never be oveiloaded, nor should they 
be applied to the load, or the load to them, witli a jerk, as this has 
an equally detrimental effect. Similarly, the I’ope shoidd not be 
allowed to strike any posts, or other Hxed objee.ts, whi(di cause 
unnecessary rubbing, as these wear it away and soon I'educe its 
strength to below that which is safe. 

Points and Turn-tables. — Special care is needed in th.e selection 
of points, particularly movable ones. In planning a woi-ks, cave. 
must be taken to avoid inserting too many points, as these affect 
the smoothness of the running. It is also necessary for tlu^ wagons 
to run more slowly over the points, in order to prevent them from 
being derailed. Points are, however, to be preferred to turn-tables, 
and the latter should only be used when really neeessar-y. It wili 
often be preferable to take the wagons several yards farther and use 
points, than to have a shorter distance and use a turn-table. When 
turn-tables are used they should be kept in first-class condition, so 
as to turn easily, to be dirt-proof, and need little attention. By 
using a ball-race for the turn-table, most of the friction can be 
avoided. It is most important that the dirt should not gain access 
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to the race, but if it should do so, the tables ought to be desigi 
that it may be removed in a minute or so. 

Turn-tables are usually permanent structures, but for some 
purposes a climbing turn-table is better. A climbing turn-table 
consists of a large iron plate of special shape, which can be laid 
over the rails and is provided with sloping sicles, so that the wagons 
travelling over the track run on the turn-table, and may then be 
turned in any desired direction and guided to another set of rails. 
Such a turn-table can be placed at any portion of the track to form 
a temporary switch in places where permanent points are un- 
desirable. It is most commonly used to take wagons in a direction 
at right angles to the main track when forming a heap for weather- 
ing, or filling and emptying trucks. It has several other uses, and 
its application in many works might usefully be extended. 

Rails. — The track of a works tramway should be skilfully 
selected, and it is essential that it should be well laid on soundly 
bedded sleepers to which the rails are securely fastened, preferably 
by means of bolts, which are cheaper in the long run than the more 
usual nails. The dimensions of the rails must be selected according 
to local requirements. For the lightest portable rails a weight of 
8 lb. per yd. is usually satisfactory, but for permanent tracks it is 
better to use rails weighing about 22 lb. per yd. 

When curves have to be traversed, the “ outer ” rails should be 
raised above the level of the inner ones. The amount of elevation 
can be calculated from a suitable formula, but it is usually best to 
raise the rail much more than the calculated amount. At the low 
rates of travel in sandstone workings, the amount of elevation need 
seldom exceed 5 in. 

It is highly advisable to place the maintenance of the rails and 
tuT'ii-tablcs in the charge of one man, who should l)e compelled to 
keep all the tools, nails, bolts, etc., he requires, in a s])eeial box, 
which ho should take with him to the ])lac.e where re]iairs are needed. 
If this is done, great care being taken that the tools, etc., are not, 
on any pretext whatever, allowed to lie about and that the disused 
bolts are (tarried away to their pro])er ])!ae(‘, many annoying 
incidents which resrdt from losing tools, ami much of the time lost 
in fetching them, will be saved. The.se may appe^ar small matters, 
but they are. none the less important. 

Th(^ sleepom should be arranged across the track as in a railway, 
and not paralhd to the j-ails, as the latter arrangement, though much 
(dieaper, is not nc'arly so .satisfactory. Tin* slee])ers may b(‘ of wood, 
steel, or concrete ; it is very difficult to say which is the best 
material when price has to be considered, but most (piarry 
managers ])refor them in the order mentioned. 

Wagons, Tubs, or Cars, which run on rails, have a capacity of 
5 ewt.-U- tons when used inside the works area, the ordinary 
railway trucks being enqdoyod for longer di, stances. Horse-drawn 
carts should only be employed where other vehicles are less con- 
venient. Motor lorries are being incrca.singly used for transport by 
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jad, for distances np to 40 miles ; beyond this they are usually 
lot so cheap as railway transport, though much depends on local 
jircumstances. 

The tramway wagons or “ tubs ” usually employed for single - 
rope haulage have a capacity of about f-1 ton of material. A 
particularly convenient form is that known as the ” Jubilee ” 
pattern (Fig. 47), supplied by several firms. These wagons may be 
made to tip sideways or endways. 



Kio. 47. — .Jubilee M'a.i'on. 


F. Muiiii, lAit., ('(iriliJJ. 


The requirements of a good wagon, tub, l)()g(\v, (u)rv(\ or wlnit- 
ever name these articles may bo known ])y in (lidbrcuit ])iii'ts of tln^ 
country, are : (1) strength, (2) lightness, (.‘1) stability, (4) (unnpaot- 
ness, (5) easy running, and (0) easy discluugca Hall-lxairings are 
increasingly used in the- construction of wagons, and it is, in any 
case, desirable to oil or grea.se the Ix^arings at v('ry fixunumt inicawals. 
Easy discharge is particularly iirqmrtant in tlu^ cas(^ of “ tip])ing 
wagons.” Some of the more recent dci, signs arc', particuilarly coin 
venient in this respect, and combine great natural stability with 
remarkable ea.se in emptying. At the same time, the body of such 
a wagon mu.st be so fastened that it will not discharge^ its contemts 
accidentally. 

The wagons should be made of stccd-jilate with angle' iiuns, 
.stout rims, and a strong angle-steel IVame. Tb.e whei'ls should be 
specially toughened and provided with ball-bcairings for easier 
running. The body should be well balanced so as to tip easily 
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when required, hat should be provided with a simple, reliable 
fastener to keep it from tipping -unexpectedly. Where several cars 
are to be fastened together, swivelled couplings are desirable. 

When endless haulage up a steep incline is necessary, small 
oblong wooden or steel wagons, each holding about 8 cu. ft., are 
very satisfactory. These are run into a tipping frame, and so are 
emptied quite as easily as when tipping wagons are used, whilst the 
cost of plain wagons and a tipping frame is much less than that of 
the tipping wagons. Unfortunately, tipping frames can only be 
used where the material has to fall to a lower level than the track, 
whereas side-tipping wagons of the type illustrated (Fig. 47) can 
tip on to the level of the track. 

Small wagons distribute the load more uniformly on an endless 
rope or chain, and they feed the crushers or other machinery much 
more regularly than, a smaller number of larger wagons, and so 
effect a saving in power as compared -with large wagons. They are 
also easier for the men to handle at the quarry or in the mine. 

In cases where the material might be stained by rust from steel 
or iron cars, wooden bodies mounted on steel frames may be used. 
Wooden cars should be built of well-seasoned oak, solidly braced 
and bolted, not nailed. They should be so constructed that any 
part can be removed without damaging the remainder. The iron 
or steel framework should be stout and the wheels heavy and sound. 
It is a great advantage if the cars are fitted with ball-bearings and 
self-oiling boxes. 

The bearings used in cars are of great importance, as upon them 
the ease or otherwise of the traction chiefly depends. There is a 
considerable difference of opinion as to wFich form of bearing is 
best, but there can be little doubt that ball- or roller-bearings, when 
well cased and properly looked after, afford the easiest running 
of cars, thougli they are more costly in the first place. Quarry 
managers who have sufficient foresight to recognise that easy-running 
cars (lo more work and require loss traction, almost invariably use 
cars with ball- or roller -bearings. In each of these forms, the axle 
is suri'o\mde(l by a ring of steel balls or rollers, working in an outer 
st('(I riug w'bich forms the lining of the ‘‘ box ” of the bearing. 
Tlua-e are various types of ball-bearings on tlu' market, and the 
buikUs's of cars will lit such bearings on to any car, if rcapiirt'd to 
do so. The first cost of the car is of less imi)ortanc(> than is 
commonly sui)i)osed, as cheapness usually nu'ans saci-iliec of oiu^ or 
otlu'r desirable ([uality, chiefly low power to ju'opel the car and 
rapid transport. 

If tlu' track cross(^s the public road, it is d(>sirabl(' to have sonu^ 
form of bi-a,k(' attached to the wagon, or, in tlu' case of pony-di-awn 
tubs, the i)ony should b(i fitted into fixed shafts and not in the 
usual loos(^ chain tra,ccs. For tracks (mtirely on tlu^ works, a brake 
is not (pute so tuaa'ssary, though still desirable. 

Wberc'. the wagons have to be \ised on an incline of 1 in 2, tlu'y 
are liable to fall over, and cannot bo filled without some of the 
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material falling out on the journey. To overcome this difficulty, 
they may he mounted on another car of such a shape that the 
wagons remain level whilst the frame car passes up and down the 
mcline. These special frame cars can only be used on a uniform 
gradient. 

To prevent tipping cars from slipping whilst dumping their 
contents, it is often convenient to employ some form of simple 

catch. Unless this is 
done, the men engaged 
in unloading the cars 
may be injured, and, in 
any case, time is lost by 
the occasional derailing 
of the cars. Various 
forms of tie and catch, 
are in use, but one of 
the best consists of a 
simple iron bar, the top 
of which is sufficiently 
high to clear the frame 
of the car without giv- 
ing much play. Hence, 
when the cai’ is being 
tipped, the fi’ame cannot 
move forward, but is 
held by the toji bar 
and all slipping is pre- 
vented. Ho simi)lo an 
apy)liance can be made 
from odd bai's for a few 
pence. 

Ropeways or Aerial 
Ways (Kig. 4cS) an^ a 
modili cation of ro])(! 
haulages, in which the 
roj)c, instc'ad of i)ulling 
the wagon along, actually 
cari'ics tln^ “ wagon,” 
which is usually in the 
, , form of a box or larger 

bucket. As a matter of safety, the bucket should be fasbmed 
to the rope_ whilst it is in motion. It may bc^ rcU^asc-d at the 
end or its journey, or it may remain permanently attached to 
the rope the material being filled into buckets at onc', end of tlu^ 
track and einptied at the other by releasing a ])in, whicli causi's tlu^ 
bucket to tip over, or allows one side of the bucket to fall out. 
Where the nature of the ground does not permit the construction of 
an ordinary tramway (as where a deep valley intervenes between 
the source of supply and the destination of the material), an aerial 



finpcwaijs, Lid,, Lmidim. 
Fig. 48. — Aerial rojieway. 



AERIAL ROPEWAYS 


321 


ropeway has the advantage of reasonable cost, small maintenance 
charges and high capacity. It also has the advantage that the 
space between the quarry and the destination of the material, 
instead of being occupied by a tramway, may be used for any other 
purpose for which it may be suitable. Unfortunately, the initial 
eost of overhead ropeways is so great (it is seldom less than 
£1500) that they can only be used for large outputs, or for 
abnormally long distances, and even then, unless at least five 
tons per hour is to be transmitted, they are not economical. A 
simple overhead ropeway may sometimes be made in a quite 
rough and homely fashion ; this is economical for short distances 
and loads of 1 ton per hour. Care should be taken to make it of 
ample strength. 

Overhead ropeways are of three types : (i.) those in which the 
buckets are fixed to a travelling rope and are carried by it from one 
end of the journey to the other, and back again ; (ii.) those in which 
a fixed rope is used to carry the buckets, which are provided with 
pulleys and are hauled along the rope ; and (iii.) an endless ropeway 
of either of the foregoing types. 

The second and third types are most economical where the out- 
put is sufficiently large, the first type being used chiefly for small 
works. 

The difference between a modern, properly constructed plant 
and the inferior class of ropeway may be seen, in the first place, 
in the structural work tor the towers and stations. There is a 
choice of two alternatives, and in climates which are not exception- 
ally deteriorative to timber there is much to be said for its use for 
ro])oway i)lants. In normal cases it costs 20-30 per cent less than 
stool construction, and whilst the latter is of course preferable, it 
is not absolutely necessary. The cost may usually bo reduced if 
the intending i)urchaHor obtains the prices of pine timber (cut both 
round and half-round) from local dealers and states those prices to 
the ropeway manufacturors, as it is generally immaterial to them 
from whom the timber is bonght. If timber is chosen as the 
material for the structural work, it slundd be ereosoted, or at least 
those parts of the timber posts which go into the ground should be 
thoroughly tarred. Every few weeks, h)r the first two years, it 
will 1)(^ necH^ssary to go over the bolts which bind the timber together, 
in ord(s- to tighten them, as the timber contracts considerably 
under outdoor inliuonees. The necessary foundation work for 
theses struc,tur('.s may be of either concrete or masonry work, and 
most manufa(;turers will choose the latter if bricks are readily 
obtainable, as bi'ickwork is often chcapei' and more reliable than 
c.oncrete. In sonu^ cases, the timber towers can be erected without 
any foundation whatevei', but for steel-work towers a foundation 
is essential. 

Th(‘, track or main carrying rope is of great importance, and 
only ropes made of the best quality of steel should bo used. 

The chief causes of rope breakage are the brittleness of the steel 

VOL. I Y 
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and the faulty design of the plant. Brittleness is usually a result 
of an attempt to give the rope an extremely hard surface, which 
will resist the wear and tear of the carrier-wheels. Faulty design 
is most frequently shown in sharp beds and kinks in the rope, 
which strain the individual strands to such an extent that they 
easily break ; a skilful designer is very careful to lay the cable 
' so that no sharp bends are given to the rope, and this, if the rope 
s of ample strength and of a skilfully selected quality, ensures 
ohe greatest possible length of life. 

The length of time the carrying ropes or cables will last depends 
chiefly on the quality and the construction of the I'opo ; six years 
is a fair average, though many ropes have lasted doid)lo that time. 

The most generally used form of rope is a sjnral rope in which 
each individual wire or strand is round, and the whole of the wires 
composing the rope are spirally interwoven together in such a 
manner as to form a self-contained continuous rope. This ty])e 
of rope is cheap and serves as a good track cable, but unfortunatc^ly 
its surface does not present a continuous whole or smooth surfae.e 
to the carrier wheel, and consequently a great amount of friction 
has to be overcome, which naturally wears out the ro])e. Further, 
when one of the strands of the rope breaks, it immediately s])r'ings 
out from the surface owing to its natural elasticity, and a ropc^ 
jacket must be placed on the rope, over the broken wircy to bind 
it down again. Unless this is done, the protruding wirci will catch 
against the wheel of each carrier and may throw it from the track. 
Rope jackets of sheet steel only cost a few pence each, but souk'- 
times the rope is high above the level of the ground, and is not 
readily accessible. To remedy these disadvantages, sevcu’al ty])cs 
of locked and semi-locked ropes have been designed, with w'hicdi 
it is practically impossible for any such interru])tions to occru- in 
the traffic ; such ropes also have a smooth surfac.c, which presemts 
a much better track to the carrier wheels, cremates less friction, 
and thus reduces the wear on the I'ope as com])ar(Hl with tluit on 
spiral ropes. 

The cable should be supported on lengthy bcairings oi' slidinvaiys, 
in order to avoid any shar]) bends ; it shouid suita,bly anclioiVd 
at one end station and tensioned in the otlu'i’. Soinci mak('rs 
attach a telescopic spring to either end of the ro])es, whilst others 
use pulley blocks or screw gear for taking u]) tlu' slack of the I’oix's. 
The best method is to use a large tension weight, hung so a,s to allow 
free sliding up and down, according to the valuations in the ropc', 
and to keep it always at a (ixed tension ; this nu'thod has (uui- 
siderablo advantage over the others mentioned abovre 

The hauling rope should bo carefully selected, in oi'dei’ to obtain 
as smooth a working of the plant as ])ossible. A r()])e with a lieiu]) 
core should be used. The end-shcaves around which this ro])(‘ 
runs should be of large diameter, so that the individual strands 
of the rope may not be injured in bending around it. The groove's 
of the pulleys of the driving gear may be lined with leather- or 



AERIAL ROPEWAYS 


323 


wood so as to increase the gripping action on the rope. The rope 
should also be suitably supported by rollers on the towers, in order 
to obtain a proper clearance above ground level. In the station 
opposite to the driving terminal, the traction rope should always 
be tensioned in a manner similar to the carrying ropes, but a longer 
play for the weight must be allowed, as very considerable variations 
occur on the hauling rope. If these variations are not controlled 
automatically, the hauling rope becomes slack, and consequently 
the driving gear continues to revolve, whilst the traction rope 
remains stationary, with disastrous effects to the strands of the 
rope. 

The driving gear must be carefully designed and should under 
no circumstances consist of a single drum, round which the traction 
rope is wound two or three times to give the necessary grip. This 
method, which is used by some makers, severely injures the traction 
rope and reduces its life to one-half of what it would be if properly 
designed driving gear were used. The drive from the main sheave 
to the motor or engine is best effected through bevel gearing, 
although ordinary straight-toothed or spur -gearing may be used 
if desired. 

The carriers or buckets usually consist of a two -wheeled trolley, 
the wheels of which must be of good malleable iron or, preferably, 
of cast steel. Clast-iron wheels, aftei' the hard, chilled outer surface 
has worn off, rapidly wear unevenly, with the result that when a 
worn ])art of tlui rim of the wheel comes into contact with the 
surfac('. of the trade ciable, the wheel ceases to revolve and slides 
along the rope, instead of lainning along it. When this happens 
to s(‘.veral, or possibly all, the carriers on the line, the friction is 
so great that the diiving power may not be strong enough to over- 
coim^ it and tlu'. transi)ort is conse{|uently stopj)e(l, and in any 
case the wear on the rope is greatly inei’cased. 

The wlunds of tlu'. carrier or trolkw should be su])])orted on axles 
litted into stend side-plates, and fi-oin this cai'rier tlie lianger which 
holds the buckc'.t, and to which the hauling j'ope grip is fastened, 
should he hung, 'riie gciuu-al appeai'anc(' of such a carrier may 
h(> s('('n from Idg. 49. 

The hiickct should h(^ mad(^ of sluad iron oi' preferably of she(‘t 
sted. WluMi the hudeeffs are to be automatically discharged, a 
iil)ping l('V('r must be fitted and the pivots on wliich the bucket 
is supporU'd must Ix^ placed hdow tlu^ c(‘nti'c‘ of gravity, so that 
the bucket cannot laffain its ])osition uiih'ss it is held fast by tlu' 
tipping lever ; conseciucutly, wlu'u a catch strik(is tlui tipping 
hwer and knocks it out of place, the bucket tii)s over and the 
whoh'. of tlu' (iontents is automatic.ally disdiargcal. 

Eig. 50 shows an ordinary ])it tub, hung from the carriers of 
a roi)eway trolley. This ai'rangement enables existing rolling 
stock to b(i utilised f<jr tlie roi)eway transjmrt, the tubs being 
c.arried by diain slings, wliich are slii)ped on the hooks of the tubs 
and the carries’ disjiatdied from the ropeway terminal on to the 
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rope’^ay track, a process to which an ordinary labourer or youth 
can easily attend. In most cases it is preferable to use a carrier 
specially designed for a ropeway. The heavy wooden trucks 
used on inclined haulage systems are unsuitable for a 
, as their great weight would necessitate very heavy carrying 
fraction ropes, with a consequent increase in the initial cost 
. ..xistallation of the ropeway ; the power required would be 
rnnecessarily great and the maintenance expenses would be unduly 
large, on account of the heavy wear and tear on the ropes occasioned 
by the heavy wagons. If the standard type of ropeway carrier 
is used, the loads will be more uniformly distributed along the 



rope and the excessive strains due to the use of licuivy wagons 
will be avoided. 

The loading end of the ropeway should be as msir tlu^ woi'king 
face as possible, and it should be extended from time to tiimi eith(‘i' 
by light-gauge tramway tracks, if tubs are used, as illusii'ated 
in Eig. 50, or by an overhead track, if standard bm^kets ai'ci uS(‘d, 
as in Fig. 49. The overhead track usually consists of a rigid rail, 
suitably supported, or hung from iron trestles, as illustrahid in 
Fig. 51. These trestles are quite siinjile to construct, and foi- loads 
up to half a ton can be made of light timber 5 in. x 5 in., with the 
cross beam 8 in. x 4 in., whilst for buckets above this weight and 
up to one ton, 7 in. x 7 in. timber, with an 8 in. x G in. cross beam 
will be ample. The rail of this overhead track must end exactly 
at the same level as the station rails, so that the ropeway cars. 
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when uncoupled from the traction rope, may run straight on to 
the track, and vice versa. The trestles and rails rpay he laid in 
any direction, and are taken up and relaid as circumstances demand. 
The rails can be made of ordinary flat or angle iron of a sufficient 
strength to bear the cars which will travel over them. Unfortunately, 
the cost of extending an overhead track is much greater than that 
of laying light rails, so that whilst the overhead track has several 
advantages, and is the only practicable system in some instances, 
a tramway system often proves to be cheaper. 

The grip for attaching the car to the rope has been the subject 
of many patents, yet there are few good grips which can negotiate 



gradicMits of 1 io I, As a Hh<ir|) i‘is(' fi’oin th(^ quai’ry oi- ])it often 
j'ecpiin's a. gi'adient of this sb^opuess, tlu^ purchaser sliould v('ry 
can^fuHv satisfy liimself as to tlu^ ('fficicuiey of tlu^ ])artieular grip 
lie lias under cauisidc'ration. On th(^ other hand, it is a wisc^ ])re- 
eaution, whcu’ever possible, to (excavate jiart of the ground, or to 
alti'r tlui positions of one oj' nioi’e of the towi'rs, so as to k'ssen the 
steepi'st parts of the gradient. Erietion gi-ijis are us\ially the most 
eonviuiient where the incline is not too sti'C]), but for siwere gradients 
sei'ew-grips are safer, though much mon^ troublesome, .her any 
given works, that gri]) shoidd bo seleeted which, whilst affording 
th('. iKViivssaiy safety aftei* ])rol()iiged wear, is th(i easiest to use in 
attacdiiug tlu^ carrier or nuuoving it from tlie rope. 

It is often convenient to use carriers which can be lowered 
to the quari'v floor and raised almost to the level of the rope during 
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transport. Such a device (known as a hlondin) consists of a frame- 
work which runs on a track rope, and is fitted with a pulley and 
rope operated from one end of the track, so as to lower or raise 
the bucket from the framework. Blondins are particularly suitable 
for raising loads of less than 5 tons out of deep quarries. They 
should be worked as rapidly as is consistent with safe working ; 
in many works, they are driven too slowly — particularly on the 
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Fig. 51. — Ropeway e.xtension on telplier-lra(ik. 

return journey, with the result that the out])ut is lowc^r than ilu'ir 
true capacity. When carrying a full load the bucket may travc^l 
at the rate of 250-300 ft. per min., but the empty buekefi should 
not travel at less than 400 ft. per min., and may usually ti-avel 
much faster. 

An automatic weigher and totaliser, such as those manufaetured 
by W. & T. Avery, of Birmingham, may bo used to rcvioi-d tin; 
amount of material passing over the ropeway. 

Where there is any risk of damage by material falling from 
the buckets, a stout network should be spread beneath the ropeway. 
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Mono-rails or Telpher Lines {Eig. 52) are rigid aerial ways, in 
which the buckets are carried on a steel rail. Strictly the term. 
“ telpher ” should be confined to those devices in which the motor 
is attached to the moving bucket or carrier, but many other mono- 
rails are now known as telphers. True telphers are seldom used 
in quarries, as the simple and less expensive mono-rails and rope- 
ways arc usually sufficient, but telphers are always worth considera- 
tion, when unusually large quantities of material have to be moved. 



Stnir/in)i d- IJi/., liriHto/. 


['■'hi. r)2. — 'lVli)li(M- lino. 

Mono-i'iiils a.i'{' comiiionly liniit('<l to slioi't (listaiiccs of 150 cards 
()!• l{'ss, as foi' longer distaiuu's i-o])('ways ai'e chcapta', and on tlnit 
acHionnt ai'(' pia'fcrrcd. Mono-rails ar(\ liowcwcr, vc'ry iis('fnl a,i 
oiK^ or botli ('lids of a ropinray, as tJu\v facilitate loading a.nd 
nidoading (Kig. 51 ). 

ddii' rails usually consist of an ordinary l-gii'di'r, the biu^lu't 
or cad'rii'r Ix'ing suspcndial from an attachment such as that shown 
in Fig. 53, in which the wluwls run in two half -groovers to ensure 
smooth running, (^specially ai'oiind curves. The haulage appliances 
are similar to those of am'ial ropeways, the chief difference Indwc'en 
a roiieway and a mono-rail being in the greater rigidity of the latter. 
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Lifts in the sand industry are chiefly of the “ cage ” variety ; 
they are occasionally used for conveying material from deep • 
quarries, but ehiefly for raising the sand to the highest part of the 
-crushing and screening plant, so that its later movements may bo 
efiected solely by gravity. In the United States particularly, it 
is customary to erect very high crushing, washing, and screening 
plants, and cage-lifts of the ordinary vertical type have been found 
to be the most efficient means of elevating the sand to the required 
height. A simple form of lift, in which the cage is 
raised and lowered by means of a rope passing over 
a pulley at the top of the structure, is quite satis- 
factory, but it is important that it should be skil- 
fully designed and provided with , adequate safety 
appliances. 

Conveyors. — ^Where the sand or stone cannot be 
tipped directly into the grinding machine or bins, 
conveyors are frequently the most economical means 
of transport. They are exceedingly useful when 
removing overburden, or working loose deposits 
with a steam navvy which discharges the material 
into ‘a hopper above a conveyor ; the latter either 
carries the useful material to the plant, or the 
rubbish or overburden to a part of the jpit on which 
it may be deposited without causing any future 
inconvenience. Conveyors are also used for taking 
the sand from dredgers to the land, for distributing 
sand in piles or bins, for storage, and for witli- 
drawing sand from heaps or bins for use. 

Conveyors have an enormous capacity and an 
almost constant delivery — two important advati- 
tages in sand transport. They consume a nuxk'ratc^ 
amount of power and are applicable in many ways, 
provided the distance is not too great. In no ca-si^ 
should they be used for distances exceeding 1000 
yards, and in most instances 500 yards may bi' 

Fig. 53.— Telpher regarded as the maximum. Conveyors recpiirc'. veuy 

support.^ little room and the cost of the u])kee]) is T't'lativcly 
small, whilst their efficiency and convcmicmcr'. aixi 
both high, so that they are well adapted for use in working sand. 

Conveyors are of numerous types. Those chiefly used for tlic 
transportation of sand and stone are : (a) belt conveyors, (5) drag- 
plate and scraper conveyors, (c) bucket conveyors, and [d) jiggeu's 
or shaking conveyors. 

Belt Conveyors (Fig. 54) are by far the most commonly used for 
carrying sand in an almost horizontal direction, though if baflk^s 
are placed on the belt they may be used for inclines up to 1 in 1. 

The maximum length of a belt conveyor is detei-mined by the (il)r(^ 
stress in the belt and is, therefore, closely related to the load and 
speed. Conveyors which are horizontal may naturally be long(u' 
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than those required to elevate the material. Conveyors 1000 ft. 
from centre to centre, amply supported by runners and carrying 
500 tons per hour, are in satisfactory use. A conveyor belt should 
usually be made of strong, woven hemp or specially prepared 
canvas (rubber alone stretches too much), and the edges should 
be bound with cord to prevent their wearing too rapidly. A 
coating of tar on the belt will increase its durability. Other 
materials may also be used, either as a protection to the surface 
of the belt, or for its complete construction. Thus, belts composed 
of bars of wood or metal united by steel links are sometimes 
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Ftd. rA .- — -Belt convoy or. 

(Mii])l()yed, and I'cc-cntly bolts made of thin sbnd have boon oxUmsivoly 
used in a Ibw works with highly satisfactory I’osults. 

Where o(.)arse materials, smdi as stone, an^ to be convoyed, 
a cliain- or link-belt is often preferable, especially as it may also 
b('. used as a coarse screen for separating the smaller ])articles ; 
sueh a Ix^lt is particularly useful in se])arating and removing gravel 
from sand. 

.B(dts of c-otton, Innup, or pre])ared canvas, such as balata, 
are the most extensively used as conveyors, buch belts, which 
in gciun-al sha])o and appearance resemble those used for driving 
mac-himu'y, pass over two piilt.-y-' at either end — and ovci- 

a nundxu- of guide rollers, or •' iidei-," ari'anged at inttu'vals along 
its course. Wher('. tlie cpiantity of sand to be carried is sufficiently 
large, the plain guide rolls may be rejdacod by sets of thre^e rollers, 
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80 arranged as to bend up the edges of the belt, and thus form a 
channel in place of the flat surface. When such a trough conveyor 
is used, the belt may, with advantage, have a flexible joint running 
lengthwise of the belt and a few inches from its edge, so as to make 
it easily conform to the shape required and to prevent any sand 
from spilling over the edges. 

For large outputs, the use of a belt in the form of a trough is 
better than a flat belt, as the latter requires side boards extending 
along its entire length in order to prevent spilling, b\it trough belts 
are never very efficient, and the trough -forming pulleys are a 
prominent cause of wear on the belt. One pulley round which 
the belt passes rotates in fixed bearings and is driven from the 
engine or shafting ; the other end -pulley should be fitted in a 
movable frame with sliding bearings, so that the tension of the 
belt may be kept constant and sagging avoided. All the bearings 
should be provided with caps to prevent dust or dirt falling into 
them. On the under side of the frame of a horizontal belt, idlcT- 
pulleys should be fitted about 20 ft. apart, to support the returning 
portion of the belt. 

The belt conveyor has one advantage over most otluu- ty])(is 
of conveyors in that it may be driven from any point in its length, 
though an end-drive is preferable. If the belt conveyor is inclined 
it is generally desirable to place driving pulleys at the up])ei- cmd, 
otherwise the slack part of the belt woulcl be on the \q)per or working 
surface, which is very undesirable ; driving fi'om tlu^ lowc^r (md 
of an inclined belt also necessitates increasing the temsion on lilu' 
belt, which is another unsatisfactory feature. 

The use of an intermediate drive using “ snub ” ])ull('ys, though 
satisfactory for soft materials, is undesirable for luu'd and angulai' 
materials such as sand, as the particles tend to l)ee.ome (milxaUh'd 
in the belt and will, in time, injure it. Snub indh'ys also have- the 
disadvantage of forcing the working side's of tlie belt, wIk'ii a-t 
greatest tension, against the face of the pulkq'. To se'eure; 
economical working it is essential that the belt should tra,v<'l at 
a fair speed, usually about 240 ft. per min., hut an exe('ssiv(' rain 
must be avoided, especially with liiu'. sand, or th.e material will 
be wasted in transit by being blown off the Ix'lt. Short Ixdts 
less than 14 in. wide may usually travel mon^ rapidly tluin long ones. 

Ordinarily, a belt conveyor is loaded at one ('u'd, but if (h^sired 
it may bo fed at any other point ])rior to that of diseha.i'g('. 
It is usual to discharge the material at tlu^ end I'einotc' from that 
at which the load is supplied, though it may b(i discharged at any 
point by placing a vertical board at an angle ac^ross tlu' belt, so that 
it diverts the material, whilst allowing the Ix'lt to travel forward. 
A series of such diverters may be used to enable^ omi Ix'lt to s\i))ply 
material to each of several bins in turn, the diverh-i's Ix'ing moved 
as each bin is filled. 

It is advisable to provide some mechanism to eknni iJie Ix'lt 
after it passes over the discharge pulley, rotary brushes mack', of 
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various fibres being generally used. These brushes revolve rapidly, 
sweeping the material into the chutes. They are driven by an 
extension of the conveyor pulley, and are provided with means 
for adjusting the brushes for the wear of the fibre. 

The various runners, pulleys, etc., are usually carried on a 
frame which may be of wood or steel — preferably the latter — one 
end being bolted to the head-gearing frame. The shafts and gearing 
should be proportionate to the width and length of the conveyor. 
Table LXIV. shows the size of the various rollers required for 
bolts of different widths. 


Tablr LXIV. — B,klt Conveyor Roluer Ststs. (G. Mitchell.) 


Width in Inolins. 

12. 

15, 

18. 

21. 

24. 

27. 

80, 

36. 

40. 
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4 

5 

5 
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r> 

() 

0 

(i 

a 
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:i 

:i 

4 

4 

4 

5 

5 

r> 

f) 

1) 

() 

Tube H[)indl(^.s 

1 

1 

1 

1.1 

1.1 


1.1 

1,'. 

1.? 

1.? 
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Tile thickiK'ss or ply of tlii' belts usimI need not trouble the 
|)urchas(s' to any great extmit, as tlu^ malas' will gimerally see that 
the ply of a Ixfit is suitable, to its width. Tabh^ LXV., however, 
shows tlu^ most giauu-ally sati.sfaetory plies. 

'rAiii.io LX\'. Hki.t.s roll ( 'on veyohs. {<!. Mitchell.) 




I'lics. 


Width. 

Sl(‘|)|)(‘d. 

Ordhniry. 


( 'ciitrc. 

ImIkcs. 

lOiuial riicH. 

Not ('xcc('diiig 1 2 ill. . 

2 

■1 

3 

IS „ . 

3 

r> 

4 

24 . 

3 

(•) 

r> 

30 „ . . . 

.1 

() 

r> 

40 

ft 

7 

() 

48 

() 

8 

7 


Output of Belt Conveyors. — Th(‘ output of a e()nv(\yor dt'^iends 
to a large (‘xtent on the maimer in which it is used, as thc^ “ personal 
fae.tor ” jilays a large jiart in controlling it. Table LXVT. shows 
the a[)proxiinate cajiaeity of belt conveyoi's of different widths. 
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3LB LXVI. — Hobizontal Belt Conveyobs on IOO-et. Centbes. 
(G. Mitchell.) 


inches 

12. 

15. 

18. 

21. 

24. 

27. 

30. 

30. 

40. 

44. 

48. 

.xVing and drum 
ension . 

18 

20 

22 

24 

27 

30 

33 

30 

38 

40 

42 

15 

18 

20 

22 

24 

20 

28 

30 

32 

34 

30 

ndth of hoth ahoYe 

14 

17 

20 

23 

27 

30 

32 

38 

42 

47 

51 

fearing ratio . 

3 : 1 

3 : 1 

4:1 

4: 1 

4: 1 

5: 1 

5 1 

5 : 1 

0 : 1 

0 : L 

0:1 

Pitch 

1 

1 

1* 

U 

G 

li 

li 

1 i 

li 

1.?, 

If 

Driving pulley 

18x4 

18X5 

21X4 

21X5 

24x5 

24x5 

30 X 5 

30 X 0 

30 ■; 0 

30 X 8 

42 8 

Speed 

128 

160 

208 

102 

J70 

223 

203 

212 

240 

288 

273 

Output, tons per hr. 

30 

48 

70 

82 

05 

123 

130 

187 

200 

281 

312 

Speed, ft. per min. 

200 

250 

300 

300 

300 

350 

360 

400 

400 

500 

600 

Eubber and canvas 








0 




belt ply 

3 

3 

4 

4 

6 

5 

5 

0 

7 

7 

Solid woven canvas 












belt thickness 


A 

i 

i 


A 




1 

S 

Size of longitudinal 




0x3 

7x3J 

7x3i 

7 Uii 



channels 

f) X 

5x2i 

5x2J 

0x3 

6X3 

8x34 

8x 3 4 


All dimensions are in Inches, the output Is calculated on material wuigliiuR 50 lb. por cu. ft. 


Where the inclination of a conveyor is very steep, its efficiency 
may be increased by fastening strips of wood or iron about 3 in. 
high at intervals of 3-4 ft. on the belt. These prevent the material 
from falling down the belt, and enable the conveyor to be used for 
an incline of 25 degrees, or a rise of nearly 1 ft. in 2 ft. Unfortun- 
ately, when such cleats or Sites are attached to the belt it cannot 
rim so smoothly as a plain belt, so that for very steep inclines 
bucket conveyors or drag plates (see later) are prefei’able, or, in some 
cases, vertical lifts are best. 

Fixing Belt Conveyors. — Great care is necessary in yiutting on 
a new belt, in order that it may be mounted perfectly time, otluu’- 
wise the wear will be excessive. As a matter of fact, it is v(d'y 
difficult to make a conveyor belt, or in fact any belt of gr('-at 
length, absolutely true and straight when stretchcul. (lonscv 
quently, after it has been placed on the ])ulloyH it should 
be started very slowly, watched carefully, and the tmision put on 
very gradually ; for it sometimes hapy)cns that the tail i)ull(\y 
has to be taken up more on one side than the other, and s()in(‘. of 
the intermediate carriers moved to the right or left, so as to adjust 
any inequalities in the belt. In making these adjustimmts grcNit 
care is necessary, but when once the belt is adjusted it will usuaJly 
continue to run true and give satisfactory service until worn out ; 
if, however, the belt is set wrongly it is soon s])oilt. iSonudinu's, 
in ignorance, steering idlers are applied to force the b(dt to run 
within certain limits ; this is not good practic'.e, as thes('- idUu's 
wear out the edges by excessive pressure, and although, tlu^ belt 
may be forced to run approximately true, it does so at an enormous 
cost in wear and tear. Steering idlers should only bo usc^d to 
prevent accidental sheering of the belt, and not for forcing the ho\t 
to run true. 

If, after running straight for some time, a belt begins to run 
erratically, the whole conveyor should be carefidly examined, as 
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any deficiency in the lubrication may make trouble by c.auHiiig 
any one of the pulleys in a set of troughing idlers to run Ixard or 
to remain stationary. Perfect lubrication plays a very important 
part in the successful operation of a belt conveyor, and though 
self-lubrioating devices should be used, they require frequcmt 
examination. 

The most suitable troughing idlers, if these aro nocoHsary, 
consist of three pulleys, one horiziontal and two side pulleys at 
a suitable angle. Care should be taken that the edges of tho j)ullcyH 
do not cut the belt. 

In lacing a belt, the edges should be made to coincidts and the 
centre of the belt fastened first. Then the edges of tlu^ belt Hhoiild 
be secured and finally the spaces between. If metal fastencu'H 
are used they should be inserted one on one side and anoth(ir on 
the other side, alternatively, until the whole width of the belt 
is securely fastened. 



Feeding Belt Conveyors. — In most oases, a chute; or lio])i)(;i' is 
employed for supplying the material to tho l)elt. kSucJi a chute 
or liopper should deliver the material on to tho holt at approximat-ciy 
the same speed as the l)elt travels, so as to avoid umuuM'Msa ry 
abrasion. The sha])e of the cluite should lx; siieJi as to |)r('vciit 
tile direct impact of tlie inatorial on to the Ix'lt. In all ca.s(',M, cajx^ 
should ()e taken that tlu; ehute cannot dauuigt' tlie belt during the 
l'(;c(ling. It is im(losiral)l(;, though s()im;tim(;s luxx'ssary, to hxxl 
from two cJmh's on to the same belt, but this IkmkIh t,o ovcaioad 
tlu; ix;lt and also to cause; umiec{;ssary abrasion as a. rexsiilt of (1 m‘ 
matexial alrexady on tho bolt coming into eontaxt with a. sti-emin 
(l(;se(;nding from another ehute. Wliieh(;ver type' ejf e-lnito is 
emple)ye;el, it Hlie)ulel deliver on to the; e;<;ntre; e)f tlie; Ix'll, so as to 
distribute it eve;nly ovoi’ tho surface of tlu; eemveyve)!'. 

Discharging Belt Conveyors. — ^If divertors (p. '.VM)) a, re* nsexl, 
t]u;y should be arrangocl so as not to damage; the; he'lt, thenigh 1 he v 
ahneist invariably eause increased wear anel te;ar. A ti'ippcr 
(Fig. 55) whiclx may ho jfiaced at any jioint on the' Ix'lt and nuiA' 
be moved as dosireel is less likely to damage; tju^ he'lt. 

Prior to stopping a bolt conveyor, it is important to led, it 
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;e the whole of its load ; otherwise, on restarting it, an 
e amount of power may be required and this may cause 
trouble. With a little forethought, no difficulty need be 
.ced in taking this precaution. 



Poidometers. — If desired, belt conveyors may bo arranged 
either to weigh the materials which pass on to them or to sn])ply 
definite quantities of materials on to the belt. Tliis is (dhu'-ted 
by means of a poidometer, such as that shown in Fig. 5(5, wbieh 
consists of a conveyor, mounted on a steel fi'anu'. and pre])ared 
to receive the material from a cast-iiun ho]3per above, iriic'. matcM'ial 





llcphurn ('ll., /./</.. Wiiki'fiold. 


I5(). 57. — I’ortahic! l)elt coiivcydi'. 

passing from the hopper on to the belt (iauses the belt to sag, so 
that its weight is borne by a supporting roller under' tlur middle 
of the belt ; this roller pulls on the walking beam of a weighing 
machine, causing a reverse motion which is eounterbalanec^d by 
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a weight on the scale beam, which, in turn, is a measure of the 
weight of material supported by the roller. Where a regular 
supply of material is recpiired the motion of the beam is made 
to close or open the ho]oper gate so as to keep the delivery of the 



J{. Dnii ji'ilfr iC Suii.s, /'’tiaiK/. 

fiS. — BuuUot (lonvcyor. 


matcM'ial (constant rcdalivc^ to tlu^ wc'ight iiidic-ah'd on th('. soak' 
beam, l^y means of this appai'atus it is possil)le to nu'asure 
tlu^ amount of mahudal passing over a btdt (sec^ also ]>. 32(1). 

Portable Belt Conveyors such as that shown in Fig. 57 arc soine- 
timos of value for short distam^es. Tlu^ design is practically tlu^ 
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same as for larger fixed conveyors, but a special oil-engine or 
electric motor is used and the whole apparatus is mounted on a 
movable body, so that it can be taken from place to place as 
required. When the material has to be conveyed in an upward 
direction, it is usually preferable to employ a bucket elevator, or a 
belt to which cross-pieces or “ slats ” are attached, to prevent the 
material from travelling backwards instead of forwards. 

Bucket Conveyors (Fig. 68) consist of a series of buckets fitted 
with wheels and attached to each other to form a long endless 
chain. The buckets empty themselves as they turn over the pulley 
at the delivery end of the conveyor, or they may be made to tip 
at any desired point. In some forms of bucket conveyors the 
buckets are made to overlap. In another form the buckets are 
fixed to a belt at regular intervals instead of being linked together. 
(See also Fig. 41 and Bucket Elevators, p. 339). 

Jigging Conveyors (Fig. 69) are sometimes very economical if 
the material is not plastic or sticky and the distance is not too 


I 



Diamond Coal Cutter Co., WakefiL’ld. 
Fia. 69. — Jigging conveyor. 


great. They usually take the form of shallow troughs mount('(l 
upon arms, pivoted about their lower ends, and have a, slight 
inclination to the vertical, sloj)ing upwards in a direction eouti-ary 
to that in which the material is to inove. A small to-and-lVo 
radial motion is given to these arms, which thereby first im])art a 
slow forward and upward motion of about ]|; in.' to the trough, 
and then rapidly draw it down and back again. As a rcisult of this 
action, the material proceeds forward in a series of small jumps 
which are, however, almost imperceptible, the material a])[)eariug 
to flow uniformly along the trough. ^ 

Long troughs should be divided at the centres and driven by 
cranks, arranged opposite to each other, so as to balance the 
apparatus and obviate unnecessary vibration. 

The capacity of a jigging conveyor is obtained by multiplying 
the cross-sectional area of the trough by the s])eed in feet ])er 
minute. The speed of travel varies from GO to 120 ft. ])er inin. 
The power required to drive a jigger conveyor varies with different 
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types between wide limits, but is usually between 1/10 anc 
h,p. per foot-ton-hour. 

A jigger conveyor bas few moving parts, and all are simple 
readily accessible. If necessary such a conveyor can be used > 
screen, or as a drainer, though not so satisfactorily as some otner 
types of screen. 

Sprocket-chain Conveyors have two parallel chains in place of 



ll Ocmputi'i- <('■ SdiiH, I All., HUtiiiil. 


Kid. ()0. — iScra])er couvoyor. 

a Ixilt, thcs(! chains carrying a series of trays or buckets. 8uch a 
conveyor (see Pig. 61) is chiefly used for inclines greater than can he 
handled with an ordinary belt conve^'or. ^ r i 

Scraper or Drag-plate Conveyors (Pig. 60) consist of a hxea 
woodmi or metal trough, above which runs an endless chain, to 
which are attached wooden or metal plates somewhat smaller than 
the cross section of the trough. The number of these plates or 
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scrapers depends on the desired capacity of the convoyor, and on 
the ease with which the material can be scraped along the trough ; 
for sand they are nsnally about 2 ft. apart. 

On setting the conveyor in motion, the plates are moved forward, 
dragging with them any material which may have been placed in 
the trough, and carrying it to the end. The plates then pass over 
the end-pulley and so back to the beginning of the ti'ough, when 
they again draw the material forward. By providing suitable 
openings in the bottom of the trough, the material may be dis- 
charged at any point ; otherwise it will be dischai’ged at tlu^ end 
of the trough. 

The disadvantage of this form of convoyor lies in the tendcaicy 
of the plate to become jammed and to stick fast if the material is 
wet ; otherwise it is a useful and very practical ap|diancci for 
moving coarse sand and gravel. There is much, friction on th(^ 
inside of the trough as the material passes along it, with the rc'siilt 
that not only is a considerable amount of power absorbed, but 
there is much wear and tear of the trough, and a great tcmdciuiy to 
contaminate the sand with the material of which the ti'ougii is 
composed. 

&ag-plate conveyors are chiefly used for veiy stee]) imdines 
where an ordinary plain belt would fail to cuirry the mattuhds. 
They are not suitable for wet materials, as the adhesion of the 
latter causes an excessive consumption of ])ow(u-. 

Table LXVII. shows the capacity of convcyoi-s of this tyi)e. 


Table LXVII.— Capacities, Speed.s, and Dimionsion.s ok 1 )KA(j-i'i.A'ri' 
CoNVEYOJis. (C. Min^holl.) 


Width in Inches, 

9. 

!2. 

1.^). 

IS. 

21. 

21. 

Capacity tons per hour 
of material 50 lb. per 

cu. ft. . . . 

8 

11 

1() 

20 

20 

•10 

End chain wheels 

153 

I5.f 

lUi 

lOil 

2-1 

2-1 

Trough channels (in,) . 

5x2^ 

5 X 2^ 

() >: 2 

() . 2 

H ■ 2.1, 

1) ^ 2 

Speed (ft. per min.) 

80 

75 

75 

70 

70 

70 


The capacity may also be calculated fi’om tlu' formubi (' y , 

where C is the capacity in cu. ft. ])er min. ; a is tlu^ spac(^ in cm ft. 
between two scrapers; v is the s])eed in ft. pm' min. ; d is the 
distance apart of scrapers in ft., and e is a filling (toenbdi'.nt, depenubmt 
upon hoAv much of the space between the sm'ajx'rs is a(d.ually 
occupied by the material. It varies from O-t to ()-8. 

The plates in scraper or drag-plate conveyoi’s movt^ at speeds 
varying from 60-120 ft. per min. 
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Bucket Elevators. — For raising sand from one 
in cases where a belt conveyor cannot be used, a 
(Fig. 61) is of great value. It usually consists 
buckets placed at regular intervals along a band, 
parallel endless chains, which run over 
pulleys placed at the head and foot of 
the elevator. The band may be of 
cotton, rubber, leather, or hemp ; when 
chains are used they may be of the 
Ewart detachable type made of mal- 
leable iron. The pulleys for the leather 
and similar belts are of the usual 
crowned type, special sprocket wheels 
being used for the chains. Owing to 
the high cost, leather belts are seldom 
used. 

The buckets may be of pressed steel 
or iron. When coarse materials are 
being conveyed, holes are made in the 
buckets for draining purposes. The 
shape of the buckets depends entirely 
on the kind of material to be elevated 
and in the slope of the elevator. It is 
very iiiiportant that a well -designed 
type of bucket should be used ; very 
small buckets tend to spill the material 
as they pass over the top ]3ulley, and 
HO decrease the output of the elevator 
and clog the mechanism by which it is 
movc'.d. 

material should be fed into the 
buckets as they ris(^ from the boot, or 
bottom (uising of tlu^ ('levator ; it should 
not b(^ (hdivered into tlu^ boot its('lf, 
but should b(^ supplied about 2 ft. 
al)ov(^ it, as much pewer is wast('d if 
the buckets are filhul by ploughing 
thi'ough th(' mabu'ial ])la,e(al at tiu! 
lovvau- (' 11(1 of tlu' elevator. 'I'lu'. eni(aeney 
of a bu('k(d) elevator dep(‘n(ls on a. (aiii- 
stant and r(igular feed, so that it is 
prefei'abk^ wlu'iU'V(‘r possibk' to employ 


level to another 
bucket elevator 
of a number of 
or between two 



an a,uto-le(!(l(a'. 

Th(i discharge takes phu'C Ix^yond the lu'ad of tlu' ek'vator 
and should l)(^ so arranged that the mab'rial from oiu' bucln't 
falls chair of the pr('ceding bu(d<('t. In some vi'rtic'al eknaitors 
the carrying chains are placed at the sides of the buckets, and, 
aft(U' passing round the larger head sjirockets, are Ix'iit back 
by smaller smdj s])roekets to ensure a ck'an deliv('ry. This is 
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avoided if the conveyor is steeply inclined instead of being quite 
vertical. ■ 

Continuous bucket elevators are so arranged that there is no 
intervening space between the buckets, the back of one bucket 
forming a chute for the delivery of the material in the following 
bucket. This type of elevator has the further advantages that the 
material may be fed in at various points and not only at the foot, 
and also that breakage of the material is greatly minimised. The 
bucket flights are generally supported by flat bars which run upon 
renewable steel or cast-iron wearing strips. 

Elevators should be enclosed in a wooden or sheet-iron casing, 
doors being fitted for inspection purposes. The foot or boot should 
be fitted with screws to take up the belt or chains when they become 
slack. 

The capacity of elevators is given by : 

, , Y X exCxw 

tons per hour = — 5 


where V = speed in ft. per min., C = capacity in cu. ft. of one 
bucket, w= weight per 1 cu. ft. of material, distance apart of 
buckets, and e is a constant depending upon the lilling caj)acity of 
the bucket ; it varies from 0-5-0-76. Hence the amount of 
material delivered by a bucket elevator is usually 50-80 i)ei‘ cent of 
the theoretical output calculated on the capacity of the bucikets. 

In common with most conveyors, the s])eed of tlui elevators 
depends upon the material. An average s])eed for (;oal is OO ft. 
per min., for ore and similar materials 90-120 ft. jxir min., for clay 
200 ft. per min. 

The power required may be taken as follows : 


H.P.= 


15 WH 

10,000 ’ 


when W =tons per hour elevated and H =the luaght to which tlu^ 
material is to be lifted, but double this ])ow(a’ slioidd usually hci 
provided. 

Elevators may be driven through bolts, chains, spur- or chain- 
gearing, the drive being arranged at the lu'.ad of tlui (h'vatoi'. 
Wliere belt- or chain-drives are employed, they should be of loss 
strength than the elevator chains, so that in tlu^ (wont of a l)rca,kag(', 
due to overload or other causes, the driving chain would Fail First 
and thus save the elevator chain — the advantages Ix'ing o])vious. 

Road Traction, whether by horse and cart or l)y the*, more 
modern traction engine or motor van, is usually (duaiptn* for local 
deliveries than the railway. The most convenient tyi)c of cai-t is 
an ordinary tip-cart of about 2 cu. yds. capacity, but if the district 
is very hilly a smaller cart containing only 1 | cu. yds. may be more 
convenient. Horses and carts are not economical for distances 
above three miles ; motor lorries are economical up to about 40 miles ; 



EOAD TRACTION 


341 


above this distance the railway is cheaper, though if there is a 
moderately long distance between the railway and the site to which 
the material has to be dehvered, it may be cheaper to send it 
throughout the whole distance by motor. 

Traction engines and motor lorries are much more suitable than 
horse wagons for sand pits, stone quarries, etc. The roads must be 
suitable, however, and kept in good condition, or the wear and 
tear on the machines is excessive. Tor loads over 10 tons, steam 
wagons are generally more economical than those with oil engines. 
A motor wagon driven by producer gas appears to offer several 
advantages. Oil -driven motor lorries are unsuitable for weights 
over 6 tons, owing to the wear and tear on the wheels and engine. 
They are preferably built of steel with riveted spokes. 

The driver should be a sldlled motor mechanic, capable of telling 
from the beat of his engine whether an5ffhing is the matter, and if 
so, of repairing it at once. This means higher wages than are paid 
to horse drivers, but the increased output of the motor compared 
with that of a horse and cart will compensate largely for this. It 
is strongly to be recommended that all motors and traction engines 
in regular worlc should not be used for more than five working days, 
and should be thoroughly overhauled on the sixth day ; including 
such repairs as re-boring cylinders, re-tubing the boiler and other 
more extensive repairs, it is not safe to reckon on more than 240 
working days per year. 

It is almost impossible at the present time to institute a really 
reliable comparison of w'orking costs and standing charges of horses 
and carts with other forms of traction, as so much depends on 
local conditions. The question of depreciation also complicates 
the problem. It is probably correct to wTite off one-quarter of 
the cost of a motor wagon at the end of the first year, and at the 
end of each succeeding year to take off a quarter of w'hat is left ; 
tlms a motor wagon costing £800 would depreciate to £600 at 
the end of the first year, to £450 at the end of two years, to £190 
at the end of five years, and after eight years’ use it woiild have 
on the books only one -tenth of its oiiginal cost. This method 
of calculating the depreciation is inueli safer and fairer all round 
than the more usual one of writing off 10 per cent of the original 
eo.st each year. In estimating the cost of motors and engines 
with a view to com])aring the different types in use, errors of 
considerable magnitude often creep in, owing to the careless w'ay 
in wiiich repairs are not charged to the transport but to a general 
account for the whole works. The wisest course is to open a separate 
bank account for the motor w^agon or steam engine with its attendant 
trailers, to pay all expenses in connection with them out of this 
account, and to place to its credit all sums received for the delivery 
of the material. 

In consequence of the expenses of repairs, many firms now 
sub-let all their carting to engineering or other firms, at a rate 
depending on the load and the distance, and in this way save 
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themselves the worry and responsibility of repairs and depreciation. 
For establishments of moderate size this plan is to be commended. 

It is generally found that for journeys of 20 miles or more 
a load of 4 tons on a motor is more economical than the use of 
horses and carts. For shorter journeys, the load multiplied by 
the journey must not be less than 60, so that the critical point 
is 5 tons for 12 miles, 6 tons for 10 miles, and so on, though with 
improved construction this may be reduced. For a number of 
journeys in quick succession and on good roads, a 6-ton lorry 
when fully loaded should be able to make at least four journeys 
of five miles each in a day, but much depends on the facility with 
which it is loaded and unloaded. The use of additional bodies, 
which can bo lifted on and off the chassis by means of a crane, 
greatly facilitates loading. Special care is required to ensure a 
minimum amount of time being spent in loading and unloading, 
as during this time the driver’s wages and the interest and deprecia- 
tion charges on the lorry are earning nothing. 

As regards the size and type of motor, it may be taken roughly 
that loads under 5 tons are most economically carried on the motor 
itself, but larger loads are best distributed between the motoi- and 
a trailer. The relative advantages of oil (petrol or paraffin) over 
steam are most marked in the smaller loads (10 tons and under), 
and are chiefly due to economy of power -production ])er ton-mile, 
to the rapidity of starting, and to the smaller cost of attendance. 
For larger engines, the cost of petrol is too great for ec.onomy, 
but if an engine burning heavy oil could be constnuded, or ])ro(liui'er 
gas could be used, the adoption of the heavier ty])e of motor wagon 
would make progress. 

Water carriage is deseiwedly popular where it is h^asibk', as 
it is cheap. The chief disadvantages of this means of iransi)()rt 
are the low level at which the material must necc^ssai'ily be (hdivered 
and the slowness of the transit. 

Railways form the chief means of transport over lojig dista-ncc^s, 
and for economical working it is, therefore, advisable^ to hav(^ a 
siding in the yard whenever possible. Miniature* railways are^ a 
feature of some sand pits and quarries, the loeomotivc^s Ix'iiig di'ive'ii 
by steam, oil, or electricity, according to local (ionditions. With 
the rapid increase in the general use. of [)etr()l motoi's, tlu'ii- ap])lica- 
tion in the cpiarry is only a matter of time. They aix; excellent 
for loads up to about 5 tons, but for greatei- load's sumll stcuim- 
driven locomotives or electric motors are usually (diea])(U‘ in use, 
though not in the first cost. When the d(day's (ionmaded with 
arranging large numbers of wagons into trains and I'cdistributing 
them are considered, it is often found that several smaller motors 
driven by youths will move the material more rapidly, more 
conveniently, and at less cost than a locomotive. 
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Mechanical Equipment in Sand Pits and Quarries 

At the present time, both hand labour and mechanical appliances 
are so dear that many owners of sand pits or quarries are in a 
quandary as to what course to pursue. Energetic and persuasive 
travellers representing firms who manufacture labour-saving appli- 
ances are naturally more interested in the sale of these devices than 
in the precise amount of saving to be effected by the purchaser. 
On the other hand, there is no one to send out travellers to put 
forward the case for the employment of hand labour, and con- 
sequently its merits are apt to be overlooked. It is, in fact, of the 
greatest importance when considering labour-saving machinery to 
ascertain exactly what economy will follow. No two cases are the 
same, and in every instance where mechanical plant is contemplated, 
local circumstances may affect the case one way or the other. 
Wages are about double the pre-war figure and the hours are reduced 
by about 11 per cent. Machinery costs 150 per cent more than 
it did in 1914, repairs and spare parts have risen in proportion, 
while with financial conditions as they are at the moment, it is 
not always possible for a firm to meet a new heavy capital expendi- 
ture. Even where the additional capital is available, it does not 
always pay to invest it in mechanical appliances. Thus it would 
not pay to purchase a steam navvy to dig and load 20,000 tons 
of sand, but for a much larger quantity— say 150,000 tons in ten 
years — a steam navvy (including full repayment of capital and 
repairs) costs less than half the amount which would have to be 
paid for hand labour. 

One advantage of juechanical handling lies in the less extent 
to which manual labour has to be relied on, the lesser dislocation 
which follows on strikes, and on the greater contentment of the 
few in- ■ ■ : \ as the higher wages earned ])laee tlumi in a 

moi'o ■■■■■ ■ position. On the other hand, machinery is 

not necessarily more reliable than hand labour, and it is particularly 
harassing to find that the whole of the works may he seriously 
disturbed by the sudden breakdown of some more oi‘ less trivial 
(h'.tail in th(> mechauicial ])art of thc! plant. 

The ])rineipal considerations which each manager slundd a])ply 
when (a)nsid(S'ing replacing hand labour may be bi'iefiy enumerated 
as follows : 

(a) Clan the cost of working be curtailed, and if so, what will 
be the annual saving ? 

{!)) Will better working result, or greater output follow the 
introduction of machinery 1 If a greater output is obtained from 
the plant already in use, what will be the elfexit in w ear and tear ? 

{('.) Is the saving effected by (a) and (h) likely to bo sufficient 
for nu'cting the standing charges for rejiayment of caj)ital at 
5 per cent interest, and also for depreciation and re])airs ? 

(d) Will efficiency bo sacrificed in order to effect an apparent 
economy ? 
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(e) Will the reduction of labour relieve the management of any 
anxieties not actually measurable in money ? 

Considerations of capital charges are perhaps the most important 
matter to be settled in replacing hand labour by machinery. In 
other words, what capital outlay is permissible in order to save 
the wages of a single workman ? In the majority of cases the 
men displaced will be ordinary labourers paid at the lowest rates, 
for mechanical labour-saving machinery seldom does the work of 
a sldlled craftsman paid at the special rates ruling for his trade. 
Moreover, the attention demanded by machinery involves the 
introduction of skilled labour to operate and repair it. Including 
outgoings in the way of tools. National Insurance, holiday pay, 
and in some few cases profit-sharing or other forms of bonus, 
the expenditure per labourer per annum amounts to approximately 
£200. The annual charges on the capital cost of new machinery, 
including interest, wear and tear, depreciation, or the writing off 
of capital, amount to a total of 20 per cent per annum. Now the 
£200 which is equivalent of a labourer’s total cost, represents the 
interest at 20 per cent on an outlay of £1000, so that it may bo 
assumed as a general statement that if the worlc. is continuous 
for five years or more, the capital outlay permissible on mechanical 
^ffant may be reckoned at £1000 per man displaced by it. This 
figure indicates that in cases where a permanent reduction of ten 
men or more can be foreseen, comparatively largo schemes may 
be undertaken. It is the smaller schemes, in fact, which demand 
the most thorough scrutiny, for with them the delays due to 
machinery not working properly are the most serious'. In (!on- 
sidering the figure £1000, the cost of fuel or di’iving ])ower, lubihui- 
tion and attention to the machinery must not be overlookcal. 
Assuming that these cost only 12s. per week, it would reduce thc^ 
permissible outlay to £900. In most eases a much more elaborates 
calculation is necessary, as the whole of the costs of working the 
machine and the capital charges must be ascertained ; an allowance 
for times when the machine is out of order, and for wlu'u tluu’o 
is no work for it, must be added (for no saving can be made by 
trying to put a machine on “ short time ” like a laboui’(u'), and froi'n 
the figure so obtained a fairly accurate comparison may usually 
be made. 

The best method of calculating the capital charges is to dewide 
how many years the machine may be exi^ected to work at full 
speed, without an excessive charge for repairs (ton ycairs is usually 
a maximum), and then to inquire of an insurance 'com])any, what 
would be their charge for an endowment policy for the cost of 
the machine, the policy to be payable in the given number of years. 
The annual charge required by the insurance company may be 
taken as the sum which would be charged to the machine to cover 
interest on capital, repayment of capital, and deimeciation — in 
short, the capital charges. 

There are of course many operations which cannot be effected 
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so cheaply mechanically as by hand labour, but the wise manager 
always should realise that a simple machine of any automatic 
character, which is reliable in its action and is kept constantly 
at work, will be cheaper and more dependable than a man, if the 
machine cost £850 for each man it displaced. Hence, if a machine 
costing £2500 is contemplated, it must actually, at that particular 
works and under conditions then prevailing, displace at least three 
men if it is to be of direct financial benefit. If a man is required 
to work the machine, then at least four men and probably five 
should be displaced before the machine is profitable. 

It is most important to observe that it is the average performance 
of a machine at the purchaser’s works which defines its value to 
him. Thus, a steam navvy may have an output of 15 tons per 
hour, or 720 tons per week, but if it is only required to move 100 tons 
per week, it will not pay to use it in most works where labour is 
available. A similar argument applies to many other labour- 
saving devices ; they are only profitable when fully employed 
for at least 80 per cent of the worldng week, during a period of 
eight to ten years. Where a mechanical handling device is operating 
at less than 80 per cent of its rated output, it will only justify its 
installation in circumstances which cannot be justifiably termed 
“ usual ” ones. For this reason, whilst quarry managers and others 
should always retain an open mind with regard to the use of 
machinery, they should also remember that there are many condi- 
tions in which human labour is cheaper, especially where the work 
is of an intermittent or irregular character, as men can be put 
to other work, placed on short time, or even “ suspended,” but a 
machine, once it has been purchased, involves the same capital 
charges when it is idle as when it is fully at work. 


CHAPTER VIII 


CRUSHING SAND-ROCKS AND GRINDING SAND 

Aitter the material has been quarried and transported to the plant, 
it is treated in various ways in order to prepare it for the particular 
purposes for which it is to be used. The nature and extent of this 
treatment depends largely on the original materials and the use 
which is to be made of the sand. 

The various treatments which may be necessary — one or more 
of them being used as required — may be summarised as follows ; 

1. Crushing and grinding. 

2. Purification. 

3. Drying. 

4. Screening. 

All these treatments are seldom necessary foi- any oik'. material, 
nor need they be carried out in the order shown above. Thus, 
whilst crushing or grinding is generally nec(\ssary for materials 
which occur in large pieces, loose, incoherent sands do not, of 
course, require this treatment. Only certain sands r(u|uir(^ to be 
purified ; most sands are used for such purposes that tlu\v are 
quite satisfactory without any puriHcation. Again, only thos(^ 
sands which have been dredged or recovered fi-om Ixdovv waku-, or 
those which have been washed, will require to be drual, and foi- 
many of these no special drying ])rocess is needcMl so long as tlui 
surplus water is allowed to drain away. 8ei-eening is ina^cissai'y in 
the case of most sands and is seldom omittcul. 

Crushino 

Where a sand is to be obtained from largo pieces of quartzite, 
sandstone, ganister or silica rock, it is necessary to crush the 
material in order to reduce it to the requisite lineness. This reduc- 
tion of rock is usually divided into two types of operation : (a) 
crushing the material to pieces J-l in. in diameter, and {b) grinding 
the crushed pieces to the desired size. This subdivision is rendered 
necessary by the fact that most fine-grinding mills would be rapidly 
damagecl if fed with coarse material, and apart from this, the 
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output would be low and the grinding costly. By effecting the 
grinding in two stages a maximum output with a minimum amount 
of wear and tear is obtained. 

The coarse crushing of massive sandstones and silica rocks is 
difficult and costly on account of their great hardness, which causes 
wear and tear on the machines, and necessitates the use of very 
strong and durable crushers and the expenditure of a considerable 
amount of power, so that both skill and ingenuity are required to 
crush such rocks to a suitable size as economically as possible. 

Soft and partially decomposed sandstones may be of all degrees 
of hardness loss than that of the grains of quartz of which they are 



Ildil Ili'lilK, Ltd., )S/ii’.[li('ld. 

()2. — .Jiiw-cnislu'i'. 


composed ; sucli sandstom^s arc ixmIucchI imicli more' caisily than 
harder (piai'tzites and at a snialh'r (;ost, so that tlu'y pi'cscMit U'ss 
(liffienlty. 

Tlu^ l)rincii)al inacdhiK's used for crushing sand rocks arc stonc- 
l)r('ak(S's, gyratory crushers, and disintegrators. Stam])s were 
foi'incrly uscal, and arc' still cm])loy('d in somci localities foi' brittle 
rociks ; though tlu'ir action is that of grinding rather than (.‘rushing, 
bcccausc' it luis been found that they seldom work economically on 
pic'ces largc'.r than 4-in. diameter, they arc now more largely used 
to produce a inoderatcdy line powder than as jireliminary crushers. 
Foi' this I'cason, they are deseribcHl in the section on Grinding. 

Stone-breakers or Jaw-crushers consist c'sscmtially of two jaws 
composed of hard steel, one fixed and the other movable. A 
typical jaw-crusher is shown in Fig. 62. By means of two powerful 
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flywheels, one on either side of the machine, connected by toggle 
gearing to the movable jaw, the latter may be made to approach or 
to recede from, the fixed jaw, thus crushing any lumps of material 
placed between them. On account of the excessive wear and tear 
on the jaw-plates in the ordinary crusher, these latter are so made 
that they can be removed when worn and replaced by new ones. 
As the lower ends of the jaws have the greater part of the work to 
do they wear much more quickly than the upper parts, so that the 
jaw-plates should be made so as to be readily taken out and 
reversed. The jaw-faces and check-plates are of chilled cast iron 
or preferably of manganese steel backed with a white alloy. The 
toggles and cushions should be of hardened steel, as they are called 
upon to resist heavy stresses. 

Numerous attempts have been made to design a jaw-crusher 
without toggles, but for really hard worlc, and the consequent 
severe strains on the machine, those crushers in which toggles are 
embodied have more than held their own. In one ty])e of machine 
the swinging jaw has arms at the back su])porting a roller against 
which bears a removable cam secured to the driving shaft. 

It has been found that by making the face of the movable jaw 
a segment of a circle instead of flat, a finer product is obtained 
because the material is subjected to a squcc^zing or I’olling ac;tion in 
addition to the simple crushing. 

It is often an advantage to have two sots of ribs on tlui face's of 
the jaws ; one set of ribs projects out further than the others near 
the top of the jaws, and so applies the pressure carli('r than wlu'ii 
all the ribs are of the same size throughout. The result is ci'uslu'd 
stone of more uniform size. Stone-crushei’s havi}ig tliis arrauge-- 
ment are sometimes known as (jramdatorfi. In sonu' ('ruslu'rs the 
movable jaw is given a joggling as well as a to-aiul-fro motion ; 
this draws the material more effectively betwe('n tlu' ja,ws and 
reduces the slipping to a minimum. In one veay sim|')l(' dc'sigu 
of jaw-crusher the power is transmitted from tlui crank -shaft to 
the oscillating jaw through a lever and through a rolh'r moimtc'd 
between the lever and the jaw. The jaw has a comiavc' fa,('(' a,t tlu' 
back upon which the roller moves without any nc('d of lubrication. 
It is claimed that this method of driving has a greatc'i- {'(lieiiaicy 
and requires less driving power than tlu' ordinary jaw-c'ruslu'r, 
whilst the wear is reduced to a minimum on account of tlu' smalh'r 
number of bearings and the smaller pressure upon each. 

Some American users prefer to have one swinging jaw and one 
toothed roll in their crushers, and maintain that this arrangenu'nt is 
cheaper in power. The author has never been able to make an 
accurate comparison of the merits of these two typos. 

The size of the stone-breakers varies greatly according to the 
output required. Hadfields, Ltd., of Sheffield have built machines 
with openings up to 4 ft. 6 in. long and 3 ft. wide, which will take 
pieces of stone weighing as much as tons and produce about 150 
tons of crushed stone per hour, but for most cj[uarrios a crusher 
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■which will deal with pieces about 12 in. x 12 in. x 12 in. is sufficiently 
large. No crushers are remunerative unless kept fully employed, 
and the number of works which can keep a very large crusher 
continually in use is very small. 

The power required by jaw-crushers is shown in Table LX VIII. 


Tabm LXVIII. — Power required by Jaw-crushers 


Upper OponiiiK between Jaws 
(in inches). 

24 X 10. 

20X9. 

10x8. 

12x8. 

8X5. 

8x4. 

Output (in cubic feet) 

362 

212 

148 

106 

70 

52 

Horse-power required 

14 

10 

7 

5 

2 



Stone -breakers with cam and roller action require rather less 
power than the ordinary type for the same size of machine. 

It is most important that a sufficient provision should be made 
in the power supplied, in order to allow for the great strains to 
which the machines are subjected when large pieces of material are 
fed into the crushers. The figures given above are more than is 
required for ordinary working, but less power should not be pro- 
vided, otherwise a man may have to be employed for crushing large 
pieces of stone, so as not to damage the machine. Too little power 
may also cause a sudden breakdown which would be much more 
expensive in the long run than the provision of greater 2 )ower for 
driving the machine. 

The jaw usually moves from in. and the flywheel usually 
inakcs 250-300 revs, per min., the number of oscillations of the 
movable jaw being from 250-300 per min. An excessively high 
speed is undesirable owing to the bearings of the breaker becoming 
too hot and causing a great deal of wear and tear. Some of the 
small Sturtevant stone-breakers (8 in. x 12 in.) arc; run at speeds 
varying from 170 revs. ])er min., whilst the larger breakers 
(18 in. X 30 in.) run at 130 revs, per min. 

The size of the crushed material delivered by a jaw-crusher 
dep(m(ls on the space between the lower ends of the jaws ; this 
may usually be vai'ied between fairly wide limits. It is important 
bo adjust ■flu; lower o])ening between the jaws so as to suit the 
mate-rial ; if the jaws are set too dosely together they will produce 
too much ])owder and will waste a largo amount of power. The 
l)i(^ces of (-.rushed stone usually vaiy from about 0 in. diameter 
down to about in. diameter. Eor crushing below i in. diameter, 
stonc-break(U's and other coarse crushers are not economical on 
account of the ])ower recpiired. It is preferable, where fine material 
is required, to ca-ush down to about 1^- in. in a coarse crusher, such 
as a stone-breaker, and then to reduce the inaterial further in a 
fine grinding machine. It is also important to avoid crushing large 
pieces of stone too much in one machine, as much less ^Dower is 
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used if the largest pieces are reduced to a medium size (3-4 in.) in 
one crusher, and then to a smaller size in a second jaw-crusher. 
Thus, blocks 18 in. or more in diameter may be reduced to about 
10 in. in the first crusher ; these smaller blocks may then be reduced 
to 4|- in. in a second crusher, the product from which is then reduced 
to say 1 in. material in a third crusher. 

A considerable saving in the amount of power required may also 
be effected by passing the stones over a screen or grid before they 
enter the crusher ; this separates the smaller ]fieces which do not 
need crushing, or by using two screens the pieces too largo for the 
medium crusher may also be sejoarated and either broken by a 
sledge hammer or sent to a larger crusher. 

The output of jaw-crushers is a little less per horse -power than 
the output of gyratory crushers, when the size and hai'dnoss of the 
material are equal in both cases and they are reduced to the same 
degree. 

Gyratory Crushers have crushing surfaces in the foi-m of two 
cones, one inside the other, the outer one being inverted. The 
stone to be crushed is dropped between the two cones whilst the 
inner cone is rotated rapidly with a slight eccentric motion. The 
rock is crushed between the two cones, the crushed material falling 
through the annular space between them, on to a eh\ite which 
brings it to an outlet at one side of the machine. 

Eig. 63 shows a gyratory crusher made by Hadlields, Ltd. ; the 
lower portion, base plate and oblique diaphragm arc' made of cast 
iron and the upp)er portion of cast steel ; the concis arc^ faced with 
manganese steel. The inner cone is mounted on a hollow shaft 
which gyrates in an anti-friction metal bearing, the upward thrust 
being carried by a bronze ball at the top of the shaft. Tlui oec.c'utric 
motion of the inner cone is produced by means of a (irown and 
pinion gearing and an eccentric bearing. iSuiall adjustments in 
the size of the product are made by raising or lowering tlu' inner 
cone by means of a worm and worm wheel, thus varying the size 
of the opening between the inner and the outcu' (iones, but it is l)('st 
to have the machine designed for a definite product and to coidiiu' 
the adjustments to making good any vai'iations in tlu' size, diu' to 
wear and tear. Duplicate parts should always be kcipt in stock. 

In a gyratory crusher the greatest strength is rcapnrc'd in tlu' 
main shaft carrying the inner cone ; this shaft should bci of ample 
diameter and not too long. 

The output of a gyratory crusher depends on its size, the size' 
of the pieces put into it, the size of the finished pi'oduct, and the 
nature of the material. As a rule, about 1 ton of 8-in. matcuial 
may be made to pass through a ring 2| in. diameter foi- each I h.p. 
used in driving the inachine. Machines with outputs of 200 tons 
per hour can be run even more economically, only about | h.]). 
being required per ton of product. This is rather greatei- than the 
output of a jaw-crusher. Very large machines are, howmver, un- 
desirable ; where a large output is required, it is preferable to 
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employ a number of machines each crushing about 50 tons per 
hour, rather than one large one, so that if one machine breaks down, 
the whole plant is not held up thereby. 

It is most important to the economical working of the machine 
that the lubrication should be satisfactory. Automatic lubrication 
is preferable, and is much more reliable than trusting to the men in 
charge to supply the lubrication at suitable intervals. 



Ildillii'liln, lAd., S/irfficItL 
Fio. ()3. — Uyratoiy cruslier. 


From its ai)])eai'ancc, a gyratory cnislu'r iniglit be thought to 
be a grinding machine, but this is not the ease. Idle to-and-fro 
motion of the disc exerts a true crushing action ; tlie ])roduet from 
the machine is largely cubical and free from flat ])ieees. 

Gyrator\y crushers, like jaw-erushers, are preliminary breakers 
and are not suitable foi' reducing stone to jiowder or even to “ jieas.” 
The largest crushers slioidd not be expected to jiroduce ])ieees less 
than 4 in. diameter, although there will always be a small portion 
(u]) to 15 )jer cent) less than this size. The smaller crushers will 
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satisfactorily reduce rocks to pieces ^ in, in diameter with about 20 
per cent of material below the size. 

Gyratory crushers have many advantages, but they are subject 
to the following drawbacks : 

(1) The working parts of a g 5 n?atory crusher are not so readily 
accessible as those of jaw-crushers, as they are enclosed in the 
cashig of the crusher, whereas a jaw-crusher is quite open. Eor 
this reason, repairs are less easily effected in the gyratory type, 
the machine having to be taken to pieces each time a repair is made. 

(2) Renewals and repairs to gyratory crushers are more expensive 
than to jaw-crushers on account of the greater cost and more 
intricate shape of the wearing parts. 

Disintegrators are of three types : 

(i.) Those which consist of a rotary shaft fitted wdth a series 
of fixed or loose hammers in a strong casing, and, by delivering 
a rapid succession of blows on to the material (which rests on a 
curved grating), disintegrate it into small pieces which fall to the 
bottom of the casing and may be collected through a discharge 
opening in the base. 

(ii.) Those which consist of two “ cages,” one or both of which 
revolve and so effect a disintegration of the material. 

(iii.) Those which consist of beaters revolving in one direction 
surrounded by a cage which revolves in the opposite direction. 

Bar disintegrators crush the material by the centrifugal force 
applied by rapidly rotating bars which are fitted to a shaft having 
a speed up to 3000 revs, per min. These machines may be iised 
for a long time without need of repair, as they arc very simply 
and strongly made. The beaters should be easily replaced if broken, 
otherwise the cost of repairs may be serious. They should be 
loosely attached to the axle so as to stand straight out by centrifugal 
action in the ordinary course of grinding, but bo fall back when 
a particularly hard piece is encountered, as, otherwise, tlu^ machine 
may be damaged. This method is employed in the MansHeld 
Disintegrator (Fig. 64) made by F. Mansfield & Co., Liverpool, 
and in a similar machine made by the Sturtevant Enginetning 
Co., Ltd. Both these machines are cajDable of crushing down to 
10 mesh, and require about 5-10 horse-power per ton of matcnaal 
reduced to this size per hour. The hammers rotate at 1000-1500 
revs, per min. 

Usually the hammer bars are quite straight and tangential 
to the axis of rotation, but in the “ Rapp Revivilier ” disintegrator 
(Figs. 65 and 66) made by the Link-Belt Co., Chicago, 111., U.S.A., 
the bars are fixed at an angle (like the blades in a pug-mill) s(3 as 
to throw the material from each side to the centre of the machine 
where a curtain of round bars is placed. The purpose of this 
arrangement is to increase the mixing power of the machine and 
produce as homogeneous a mixture as possible. As a further 
precaution and to prevent the clogging of the bars, the casing and 
suspended rods are mechanically jolted ten times per minute by 
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means of a cam •which, raises the casing and then allows it to drop 
on to a wooden buffer. This machine is particularly suitable for 






F. Mansfield cfc Co., Liverimol. 

Frt!. G4. — Disintegrator 

treating old moulding sand and also as a combined mixer and 
crusher. 

In the Lightning Cinisher made by the .Lightning Crusher and 
Pulveriser Co., Ltd., 14a .[-tosebery Avenue, London, E.C.l, the 
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rotating shaft carries two discs to the ])ei‘iphery of which are attached 
four goal-shaped hammer bars. The makei's claim that this 
arrangement renders clogging almost impossible, and that foreign 
VOL. I 2 A 
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material, such, as iron bolts, etc., accidentally introduced with the 
feed has no injurious effect. 

A bar disintegrator will crush three times as much stone as a 


. Link Belt Co., Chicugo, U.B.A. 

; ■ • Fig. 66.-— Rapp revivilier. 

jaw-crusher of -equal size, and yet will require rather loss than 
1 h.p. per ton of crushed material. 


Bickle Engineering Vu„ lAd., Pli/mouUi. 

Fig. 67. — Cage disintegrator. 

Gage Disintegrators consist of two or more concentric (;ages 
(Fig. 67) constructed of steel bars arranged to form slotted drums. 
The first and third of these cages rotate in one direction and the 
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second and fourth in the opposite direction. The material is fed 
through a hopper into the centre of the innermost cage, and as 
the cages revolve the pieces of stone are struck by the bars of the 
cages and are broJcen ; they then pass between the bars into the 
next cage, which revolves in the opposite direction, and the bars 
in this strike the fragments with double force ; this operation is 
repeated by the bars of the remaining cages. The speed of revolu- 
tion is very high (sometimes as much as 3000 revs, per min.), and 
in order to avoid harmful vibration the machine must be kept 
well balanced. 

A combined bar and cage disintegrator consists of an outer 
revolving cage typo, with beaters or hammer bars inside to secure 
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tlu^ rapid disintegration of the rock. ''I’his type- of inaehiiu' (l<''ig. 08) 
is ina.(l(‘ l)y (k M. V. Hall, Shclli(d(l. 

Disintc'grators woiiv most satisfa(;toriIy wium supplied uith 
pi('(H'S 3 in. or less dia-nu^tc'r. Th(\y will crush (‘c:onoinieaIly to 
|)i(M'es in. dia-iiK^bn', l)ut Ixdow this siz{^ they air* wastef(d in 
])ow('r ; foi' furtlu'r rcMhuhion a liiui grinding nuKiiino is tluu’d'orc' 
lua-essa-i'y, uidc'ss tlu' material to cjmslicd is of such a nature' 
that it falls to powdeu- on heating ; sonui sandstones ai’c' of this 
natui'c and, after (ialeination, (am ])o rapidly and chea])ly reduccai 
to powder in a disintegrator. 

I)isitit('grators are also useful for crushing damp niatcrials 
which would b(^ “ sticiky ” and troubh'some in otheu’ types of 
crusluu'. They sometiuK's effect a partial drying of the material, 
as thc^ rapidly rotating medianism draws a large volume of air 
through the maeliiiu', after the manner of a ventilating fan. 
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As all disintegrators produce a great volume of dust, owing 
to the rapid motion of the air passed through them, it is usually 
ii6C6SS£try to d-ischfljrgo tli6 product into £1 cliciiiilDGrj one wtill (or 
the roof) of which is made of canvas or similar material, _ through 
which the air, hut not the ground material, can pass. This canvas 
will rcQuir© bcEitiiig £tt intorv^ils to roinovG tlio fidiiGrcnt dust, 
and it should be at some distance from the discharge outlet of the 
machine, or the force with which the material is delivered will 

rapidly cut it to pieces. _ 

Crushing Rolls (Fig. 69) are sometimes employed as preliminary 



./. Whih'head <fc Vo., lAiL, Viritlon. 

■ Fia. 09. — Crushing rolls. 

crushers for reducing rock to small pieces which can aftw-wai'cls 
be conveniently dealt with in other grinding machines. These 
rolls consist essentially of a pair of strong cylindei’s or rollers, 
which are placed side by side, so that when the material is fed on 
to them the rotation of the rolls forces the material downwards 
and reduces it to a size comparable to the distance between them. 
The rolls are usually driven by a simple gearing through a belt 
or clutch, but fast-running rolls are sometimes driven direct by 
two belts, each on a separate pulley, attached to each roll. 

Crushing rolls must be very strongly built, in order to with- 
stand the sudden strains to which they are often subjected in use. 
They should therefore be mounted in such a manner as to with- 
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stand very sudden and severe shocks, and should be provided with 
safety clutches or some other device to prevent accident’ in case 
a bolt or other article of exceptional hardness enters the machine. 

Powerful springs, which are compressed when an abnormally 
hard piece of material enters between the rolls, are sometimes 
used, but are not really satisfactory, as they usually yield too 
readily and produce too coarse a product. They are better replaced 
by safety clutches fitted with a pin which breaks when a danger 
point is reached. Rubber buffers have been used to take up the 
strains, but they are unsatisfactory and should not be employed. 

The shafts carrying the rolls are also subjected to very great 
stresses and should be made of the best quality axle steel. They 
should be of ample diameter, so as to be sufficiently strong, and they 
should be properly balanced, or accidents may occur when they 
are driven at high speeds. It is also necessary that they should 
be mounted in long bearings lined with phosphor-bronze bushes, 
as white metal wears too quickly in this class of machine unless 
it has a very large proportion of tin present. 

The bearings should be kept in good condition, or the distance 
between the rolls may vary as they revolve, thus giving a product 
of irregular size. 

The flywheel should be of large size ; small ones are inefficient 
on account of their irregular working when large or hard pieces 
of material are supplied to the mill. 

All parts of the machine must be properly lubricated, otherwise 
a great waste of power may occur and the bearings may require 
frecpient renewal. 

The sjiced of criisliing rolls varies considerably. Toothed rolls 
may be driven at 200-260 ft. per min. (equivalent to 48-GO revs. 
])cr min. with 16-in. rolls), but smooth rolls are sometimes driven 
at 2|-3 times this s]3eed, s])eeds tij) to JOOO ft. per min. being used. 
A good method of estimating the most suitable s])eed at which 
the CT'ushing rolls should be driven is by tlie use of tin; following 
formula : 

8 = 1000-300 log 

wluM'(' 8 re])resents the ])eripheral s])eed of the rolls in ft. ])er min., 
whilst d is th(i diameter of the i)ieees fed on to the rolls in iiulies. 

In some (uises the two I’olls in a pair are di'iven at different 
s])e(Hls. This increases the cru.shing j)ower and reduces the amount 
of slip. The difference in s])eed should not be excessive, or trouble 
will be (caused by the rolls “ buTuping ” and working UTCgidarly. 
For low sjieeds one of the rolls may be driven by means of a belt 
and ])ulley, whilst the other is driven from the first roll by means 
of cog-wheels. For high s])eeds, however, this is inq^ossible, and 
the rolls must bo driven separately by means of belts, as geared 
rolls cannot be driven at very high speeds without their efficiency 
being much lower than when they are driven separately. 
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The output of crushing rolls depends on their size and Hha])c, the 
size of the material supplied to the rolls, and the size to which the 
material is to he crushed. If the .space between the rolls were 
continuously filled with crushed material, tlie output would be 
a. ft. per min., but as this condition is never fulfilled a more 

ect formula is 

Output in cu. ft. per min. =AS (0-6/ -0-15), 

where A is the area of the opening in square feet, 

S is the speed of the rolls in feet per minute, 

, Space between rolls (in inches) 

•' Diameter of particles fed on to rolls (in inches) ’ 

The power required for crushing rolls is rather gr(uit, about 
3 h.p. being required for a pair of rolls 12 in. diameter and 10 in. 
wide. Rolls 21 in. in diameter require 9-12 h.p., whilst those 
32 in. in diameter require about 15-18 h.p. to drive them. 

Table LXIX. shows the output and power required foj’ rolls 
crushing to grains about | in. in diameter. 


Table LXIX. — Data for Crusuinu Rolls 


Diameter. 

Length. 

llevolutions per 
Minute. 

Jlorse-ijow'ci' 

re(|ulretl. 

(hvt.s. cniHlu 
|)(‘r Hour. 

in. 

in. 




lOJ 

10^ 

130 

3 

2.5 

m 

10^ 

110 

4;l 

4.5 

16 

10^ 

!)() 


(i.5 

21 

lot 

7.6 

!),i 

ioo 

27 

11 

4.5 

12,1 

14.5 

37 

12 

4.5 

16“ 

200 


Crushing rolls are ])articmlarly useful foi' producing cubical 
pieces 2-| in. in diameter. With’ soft materials tlu^y Initd to giv('. 
flaky pieces, but hard roefes and sand.s l)r(aik into angular Fragnumts. 
Rolls should not, as a rule, be u.sed foi’ finer crusliing, a,s tlicv ar(i 
then wasteful in ])ower, though, a])art from this, tlicv nuiy l)e 
employed for reducing stone to a e.oarse ])owd(M\ 

On account of the great wear and Rair on tlu'. surfacu' of tlie rolls, 
it is necessary that they should b(i madc^ of a V('ry hard nufijal 
such as chilled iron or manganese stead. In most c^a.se's a lim of 
such material is fitted to a core of softeu' medal, se) that, whem we)rn, 
the rim may be renewed without the expen.se' e)f eebtaining an 
entirely new roll. In some crushing re)lls supplieal by Sutedifie, 
Speakman & Co., Ltd., the rim is eom])e)seal of seiveiral idngs abe)ut 
4 in. wicle. As the centre of the rolls weai-s feistest, by using 
several rings instead of a single rim the worn part in the centre 
may be replaced by changing the position of the rings, so that 
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greater durability is obtained and the wear is kept uniform over 
the whole length of the rolls. 

The uniformity of the surface of the rolls is specially important 
where the grinding is fine, as when the rolls are not properly cared 
for the size of the product is very irregular. 

The rolls may be dressed, when required, by means of a grinding 
wheel. A special attachment should preferably be used, so that 
the rotating grinding wheel may be moved steadily across the 
surface of the roll without having to remove ifc from its bearings. 
This may be done by using a long screw carrying the frame which 
supports the grinding wheel, the transverse movement of the latter 
being accomplished by slowly turning the screw either by hand 
or by power. Fine emery or corundum wheels may be used with 
very satisfactory results. 

When dressing a roll, it is rotated slowly and the grinding 
wheel is started at one end and is set so as to remove a thin “ skin ” 
at first. As the wheel reaches the centre of the roll it will not 
grind, as the wheel is too hollow at that part, but it recommences 
grinding as soon as it has passed across the hollow. After reaching 
the other end of the roll the reversing of the screw enables the 
grinding wheel to remove a further quantity from the I’oll. This 
is continued until all the hollows and depressions have been removed 
and a true cylinder is produced. 

Edge-runner mills or jian mills consist of rolls of very large 
diameter but small width of crushing face, which crush the 
material ct)ntain(!d on a ])aii or bed below the rolls. One roll or 
runner is sometimes used, but the machine is better balanced and 
a larger out])ut is obtained if two rolls are employed. The hori- 
zontal shaft carrying the I'olls on the shaft may be fixed and the pan 
or bed revolved, or the bed may be fixed and tli('. rolls revolved. 
The latter (chaser mills) are the stronger and arc^ larg('ly used for 
crushing lum])s of ro{!k and reducing them to powder ; mills with 
revolving ])ans are moi-e economical in [)ower and ])rodu(‘e a bett(u- 
and more uniform powder if supplied with pieccis of stone not 
('xee{Hling 2-3 in. diameter. 

Pan mills of this type are f)artieularly useful for gi'inding moist 
mat(UMals, and as tluyy have' a very poweu'ful mixing action they are 
('xte'nsivc'ly us('d in tlu' sand-working industries. As tlu'y are 
(diiefly used for line grinding, they are more fully dc'sei'ilK'd latc'r. 

PrecautiQns in Crushing. — Whichever form of machine' is 
empleyye'el fe)r the pre'liminary e-rusliing, it shoulel be sidfie-iently 
lai'ge te) e'i'ush the' large'st piec'cs likely te) be elelivereel te) it. If 
many pieeu'S have to be bre)ken by hanel the value t)f the machine 
is e!e)ri'espe)nelingly re'dueeel, yet many hrms make the mistake ejf 
using te)e) small a e'.rusher fe)r their pur])e)se. Within reasonable 
limits, it is far e!hea])er te) have an excessively large machine working 
well be’!le)w its capeicity but taking all the material feel into it than 
te) have a smaller one working at full capacity but requiring 10 per 
cent of the material to be broken by hand because it is too large 
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to enter the machine. On the other hand, as the larger machines 
require much more power, it is not economical to use a machine 
which will deal with pieces far larger than are likely to be supplied 
to it. If the pieces too large to be crushed by the machine do not 
exceed 3 or 4 per cent of the whole output, it is usually cheaper to 
crush them by hand, or even to reject them, than to use a very 
large crusher. This is a matter which dej)ends so much on local 
conditions that no general rules are of much value. 

It is also wasteful to overload a crusher, as this causes clogging 
and results in loss of time and a low output. It should therefore 
be avoided as much as possible by the use of a sufficiently large 
machine. Overloading may often be avoided by the use of a screen 
or grid which separates all the material which is of the size of the 
crushed product and so does not need to go through the crusher. 
A suitable automatic feeding device is also invaluable, in some 
cases, for preventing overloadiug. 

In order to avoid an excessive amount of dust from the crushers, 
it is advisable to employ chutes to deliver the raw material gradu- 
ally into the crusher. These chutes may be perforated so as to 
act as screens and separate the small material, which can then by- 
pass the crusher. 

If the dust from the crusher is very objectionable, it may be 
diminished by means of a series of fine water sprays oi* steam jets, 
which will damp the material slightly ; an excess of water should, 
however, be avoided. 

In the preliminary crushing the rock should be reduced to about 
the size of walnuts {i.e. |-1 in. diameter), as pieces about this size 
may be dealt with satisfactorily in almost any kind of fine grinding 
mill without serious loss of power, whereas the same mill when 
supplied with pieces 2 in. or more in diameter may easily roquii'c 
25-50 per cent more power. It is not, howcvci’, economical to 
reduce the whole of the rock to powder in the erushei's, as the 
amount of power required would be excessive. The number of 
crushers and their sizes which will give the best results will dejjend 
on the size of the stones and on their natui'o, as hai'd stones will 
require more crushing and will therefore result in a lower out])ut 
per machine than can be obtained with softer stone. In th(i sand- 
working and allied industries it is seldom economic, al to use a 
crusher which will accommodate pieces larger than 14 in. in their 
longest dimension, as such pieces usually form only a small j)]'opor- 
tion of the whole material and are jmeferably broken by hammej-s ; 
where they are sufficiently numerous, however, larger crushers may 
be needed to deal with them. For economical crushing it is usually 
advisable to reduce from the largest size which the crusher will 
take down to about 4-in. cube in the first, from this size to 2-in. 
cube in the second crusher, and from 2 in. to \ in. in the third 
crusher. Where only two crushers are employed, it is possible to 
reduce pieces 4-in. cube to about ^-1 in. at one operation, though 
when the output is sufficiently large to employ two crushers and a 
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screen to do the same work, the latter arrangement will be the 
more economical. 

It is preferable to have the coarse crushing machines driven 
separately from the other machines. It is also very desirable to 
keep duplicate parts of the various fittings, as minor repairs are 
frequently needed. 

One of the chief difficulties in the crushing of siliceous materials 
is the introduction of iron into the product. This cannot be 
entirely avoided, though by using special steel (such as manganese 
steel) for the grinding surfaces the amount of iron in the fine 
product may be reduced to a minimum. This is specially necessary 
in the case of sands used for glass-making, where a product con- 
taining less than 0-05 per cent of iron as ferric oxide is very desir- 
able. The greater part of the metallic iron introduced in the 
process of crushing and grinding may be removed by a magnetic 
separator, unless it has become oxidised, when it is no longer 
attracted by a magnet. 

The position of the crushers relative to the fine grinding plant 
is important. They should be so situated that the crushed material 
is delivered into a bin or on to a platform which acts as a temporary 
store from which an automatic feeding device may be arranged to 
supply the fine mill, or from which the crushed material may be 
shovelled into the fine mill as required. 

Feeding Primary Crushers. — The output of a crusher is largely 
influenced by the manner in which it is supplied with material. In 
order that the supply may be as regular as possible, a charging 
platform or hopper is usually essential. Where the material is 
brought in wagons, it should be large enough to accommodate a 
reasonable number of wagons loaded with sand or rock, as well as 
the empty ones which accumulate before they can be conveniently 
taken away. A small charging platform is a continual source of 
annoyance and risk, and it ought to be enlarged as soon as ])ossil)le. 
The platform should be sufficiently above the crushers to enal)le 
the latter to be fed easily, and yet it should not be so high as to be; 
incionvenicnt. The most suitable height for the ])latfonn is a f(nv 
inches above the ho])per of a gyratory ci-usher or the mouth of a 
jaw-crusher, so that the stones can slide into the machine down a 
lu)p])er or chute. When a mixture of .stones and sand is delivcuvd 
to the crushers by means of a conveyor, a charging platform is k'ss 
needed, ])rovided the crusher has a sufficiently large hopper. In 
siuih a (!aso the advantages derived from screening the material 
so that only the coarse powder goes to the crusher are so obvious 
that it is remarkable that so few linns use a screen for this 
pur])oso. 

Automatic feeders for preliminary crushers must be of very 
solid construction on account of the large pieces of material delivered 
to them. Rotary base feeders, conveyor belts, belt elevators, etc., 
described later for feeding fine grinding machines, may be adapted 
to feed preliminary crushers, but the wear and tear is very great. 
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For many purposes the most useful method of feeding crushers so 
as to secure a regular feed and not to put in any luaterial which 
need not be crushed consists of an inclined grid or grizzly with a 



reciprocating motion (Fig. 70). The material is tipped on to this, 
the small |)ieces passing through whilst the larg(',r ones pass along 
and are discharged into the crusher in a steady stream. AnotluT 
method consists of a conveyor belt composed of link-bai's (Fig. 71) 
with convenient spaces between them. This belt allows tlu* small 
material to pass through, but carries the largcn- stoiu's l,o the 



cnisher. Being much longer, it has a much greater screaming cdect 
than a grid, but it recpiires cleaning freepumtly or the weair and 
tear on it will be very great. Fig. 72 shows a modification of 
this type of feeder in which a rotating cage is used instead of a 
link-belt. 
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A fourth, feeding device (Fig. 73) consists of a number of discs 
mounted on a shaft so as to form a sort of roller supported in an 



Sandycrofl, Ltd., nr. C/wsler. 
Fiu. 72. — Ross feeder. 


opening in the chute sipiplying the crushers. As the material falls 
down the chute, the largo particles ]Dass over the rotating discs, 



(i.) (ii.) 

7,']. — Di.se feeder; (i.) side vi(‘\v and (ii.) i'roiit view. 


whilst the smaller ones fall between them and downwards into a 
suitable receiver. 

Grinding 

The term “ grinding ” is used rather loosely, but is conveniently 
employed to mean the reduction of a material to powder as distinct 
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' crushing,” which is the process of reducing large lumps to 
‘ pieces. Most material in pieces larger than in. would be 
.ed,” and material consisting of j)articles loss than in. 

diameter would be termed “ ground,” 
but between these two sizes there is a 
considerable laxity in the use of the 
terms crushing and grinding. It is, 
however, more convenient to make the 
distinction between crushing and grind- 
ing one of process rather than product, 
so that the products from jaw- and 
gyratory - crushers, stamps and rolls, 
are regarded as having been “ crushed,” 
whilst the smaller - sized ];)icces and 
powders from other inachinos are re- 
garded as having been “ ground.” In 
some cases, however, coarse crushing 
machines are used for fine grinding ; 
thus, “ bar ” disintegrators may be 
used for crushing down to 25-50 mesh, 
and though they are not economical 
for producing fine powders, yet in 
grinding to a coarse mesh a consider- 
able proportion of finer material will 
be produced. The final rcduc.tion of 
a siliceous material to the recjiiircd 
size may be effected by eitlu'i' of two 
methods, namely, “ dry grinding ” and 
” wet grinding.” The dry grinding 
method has the advantage of enabling 
the material to be ])assed ovc^r screams 
and separated into difha'ont siz(\s with 
greater ease than is th(! caisc^ with vve^t 
sand, which is more colicrent than that 
in the dry state. 

Dry Grinding may b(^ efhoted by 
the use of stam])s, ball mills, tube 
mills, pendulum mills, or edg(^-i'unnei' 
mills. 

Stamps (Tig. 74) have been used for 
a very long time in rcalucing metal- 
liferous sands to a finer staten One 
of the oldest types of stamps is the 
Cornish, which consists of a sei-ies of 
heavy weights which are lifted up by 
means of a rotating shaft fitted with a number of cams, and 
then allowed to fall. 

The material escapes through a slit the height of which is adjust- 
able so as to vary the time which the material remains under the 
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stamps. The stamps weigh about 2000 lb. each and rise usually 
about 7-20 in. ; the number of blows is usually 16-32 per min. 

The fineness of the product in dry stamps depends on their 
weight, the distance through which they fall, and the number of 
blows applied, i.e. on the time occupied in grinding. 

In wet stamps, a stream of water is passed through the stamper, 
and this determines, to some extent, the fineness of the grinding. 

The stamps are cylindrical in shape and are constructed of cast 
steel or tough white iron. The stamp is fixed to a cast-iron head, 
which in turn is fixed to a wrought-iron stem which carries a disc 
by means of which the cam on the driving shaft lifts the stamp and 
allows it to fall. 

The stamps are usually arranged in a series of five, and are made 
so that they drop one after the other, the best order of dropping 
being 1, 4, 2, 5, 3, counting from left to right. Two sets of five 
stamps may be driven from one shaft, the engine being placed 
between the two. 

In the Californian type, the stamps are made to revolve so as to 
ensure more even working. These stamps may weigh up to 1200 lb. 
and deliver about 80 blows per min. In a more recent stamper 
driven by pneumatic pressure, the stamps weigh 1250 lb. each and 
deliver 130 blows per min. ; this stamp has an output of about 
20 tons of sand per 24 hours. 

On account of the weight of the stamps, the machines must 
be very strongly constructed. The bottom is usually built on a 
concrete foundation levelled off with a rich mixture of sand and 
cement ; on this is placed a sheet of rubber ^ in. thick, then a 
])iece of wood 6 in. thick, and on this is placed the stam]) box, 
which is made of cast iron with 1 -in. drilled iron linings, the whole 
being bolted to the concrete foundation. 

The power of a stamp is 


w xs xlxn 
60 


ft. -lb. per min., 


if v! re])resents the weight of each stain]) in lb., .v re])rcscnts tlic 
number of stamps, I represents the distance of dro]) in ft., and 
n equals the numln'r of blows ])cr min. It is usual to multiply 
the result of this eakndation by so as to allow for friction ; the 
result so obtained when divided by 33,000 gives the horse-])ower 
I'equired to drive the stamps. Stamps give the best results when 
fe(l with material less than 2 in. in diameter. 

Ball mills consist of a revolving cylindei-, lined with s])ecially 
hard plates of steel, flint, or porcelain, and containing a number 
of balls of iron, steel, porcelain, or flint, of various carefidly deter- 
mined sizes. The material to be ground is put in the cylinder, 
which is then closed and the mill is rotated, the impact of the balls 
upon the material reducing it gradually to the required size. Mills 
of this land may be either intermittent in action, in which case 
they must be stopped, emptied, recharged, and started again at 
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intervals, or they may be made contimions by providing them with 
a suitable side-feed hopper and connecting an air-separator or screen 
to the ball mill, so that the whole forms one grinding unit, the 

coarse material from the separ- 
ator or screen being returned 
to the mill and re-ground. The 
ball mills of a wholly enclosed 
type which work intermittently 
are commonly known as Alsing 
cylinders (Fig. 75) ; they are 
charged and run for a pre- 
arranged number of hours and 
are then discharged. Very fine 
powders can be obtained in 
this manner, but the process 
is expensive. 

The continuous typo of ball 
mill is provided with perforated 
plates of specially tough metals 
arranged so as tofoi'm a stopped 
grid. On rotating the mill, the 
balls fall and roll from stoji to 
step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passes through the perfora- 
tions between the plates and falls into a hopper below the revolving 
part of the mill. In some ball mills, such as those made by M(\ssrs. 
Edgar Allen & Co., Ltd., Sheffield (Fig. 76), the line material 
falls first on to a perforated steel plate, which separates the coarser 
grit, and then on to a wire gauze of liner mesh ; tlui ])owd('r which 
grasses through the gauze falls out of the mill and is (!onv(\ye(l 
away ; the coarser material remaining in the mill is r<^-groun(l. 
The objection to ball mills with gauze is tlu^ wear and t(>ai' on tlui 
latter and the relatively small output of tlu^ mill, lly l•(‘m()ving 
all the material below in. diameter as soon as it is foi'iiual, and 
treating this outside the mill (as in an air-sc'])arafcor), all elioking 
of the mill is prevented and the output is greatly iner(ais(al. Tlu^ 
tailings frozii the .separator are automatically i-e-gi'ound when tlu'V 
re-enter the mill. 

A continuozis ball mill made by Hardingci (Eig. 77) consists 
of an unsymmetrical double cone rotated by gearing and (a)ntaining 
balls of varying diameter, from 5 in. to 2 in. or from 1 1 in. to | in., 
according to the hardne.ss of the material and the siz(^ of the pi-oduet. 
The shape of the mill is such that the largest balls remain in tlu' 
jzart of the mill which has the greatest diameter, whilst tlu^ others 
gradually distribute themselves along the cone in order of size, 
the smaile.st balls being found at the ]xiint of the coiui. The jzart 
of the mill having the large.st diameter has a much gi’cater perijdieral 
speed than the rest of the mill, so that the grinding effect is roughly 
proportional to the size of the particles ; this effects a considerable 
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saving in power, whilst the conical shape of the mill, and. the gradual 



I'jddur Alien <l'’ Co., Lid., S/ieffteld. 

Fid. 7().— Ball mill. 

reduction in tlie peripheral speed as the ground paitie.les pass 
along th(' mill, ])i'events 
tlu^ waste of ])ow(‘i' caused 
l)y the “ cushioning ” 
which occurs in many 
otlu'r mills. 

TIu' ach'iion of the mills 
is as follows : the stoiu', in 
small ])i('ces not ('xeeeding 
jl in. in diametca-, is intro- 
duced into the mill so that 
it falls to the part {)f tlu^ 
greatest diametc'r, where', 
it is ground by the largest 
balls ti’avelling at the 
highest speed and falling ihmUnge Co., London. 

through the greatest Fiu. 77. — Jlardinge ball mill. 
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e. As the pieces are reduced in size they move along 
1 and come - into contact with smaller balls travelling at 
speeds, until eventually the material reaches the point 
.one at the farther end of the mill and is discharged. The 
jages of the Hardinge mill are its continuous operation, 
the high rate of grinding, and the small amount of power required, 
which is due to the progressive and rapid removal of the material, 
so that no energy is wasted by the presence of fine material amongst 
the coarser particles. Mills which are fed with |-in. or |-in. material 
may be used either wet or dry, and readily reduce any sandstone 
sufficiently fine to enable a large proportion of it to pass through 
a 200-mesh sieve. 

An 8-ft. mill requires about 50 h.p. to reduce 5-10 tons of 
material per hour so that it will entirely pass a 48-mesh sieve, 
and 28-8 h.p. will reduce 1-7 tons per hour to so fine a powder 
that it will pass through a 300-mesh sieve. 

The weight of the balls in proportion to the size of a ball mill 
is a very important factor in securing the maximum efficiency. 
Table LXX. shows the approximate weight of balls for mills of 
difierent sizes. 


Table LXX. — Sizes oe Balls in Cylindbioal Ball Mill.s 


Diameter of drum in inches . 

44 

50 

64 

80 

88 

100 

Width of drum in inches 

3e 

38 

45 

62 

58 

08 

Weight of balls in cwt. . 

3-6 

7 

12 

24 

30 

50 


The weight of the balls should be kept as constant as ])OHHible 
by cleaning and weighing them about once a month and by making 
good any deficiency as often as is necessary. 

The size of the balls used depends on thc^ charactiM' of the 
material ground and of the product required. Hard mat(^rials 
and a coarse feed necessitate the use of larger balls, whilst for small 
and soft material small balls are required, but in all cases sufiidmit 
small balls should be used to fill the spaces between the lai'gc^i' 
ones. The Crossley Engineering Co. advise two hundred pebbles 
about 2 in. diameter in a ^O-in. mill ; and about forty jicbblcs 
of about IJ in. diameter in a 10-in. mill, the charge for a 2()-in. 
mill being about 250 lb. ; they also advise that the mills bo filled 
to almost nine-tenths of their capacity. 

The power required to drive ball mills of various sizes is shown 
in Table LXXI. 

Ball mills should be supplied with small pieces of material, 
preferably not more than ^ in. diameter, in order to secure the 
most rapid and economical grinding, but larger pieces are often 
supplied. 

It is important that the mill should not be overloaded, as if 
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Tabltd LXXI. — Power required eor Ball Mills 


Length in feet .... 

12 

10 

8 

3 

Diameter in feet 

8 

8 

6 

3 

Horse-power .... 

12 

8 

4 

li 


too much material is supplied the time of grinding is disproportion- 
ately lengthened. 

Ball mills are only suitable for use where rounded grains of 
sand are satisfactory ; they do not produce angular grains, and so 
should not be used for purposes where angular grains are required. 

Tube mills (Fig. 78) in many respects resemble ball mills, but 



liilimr AUvn <f,' Ltd., t-thcffudd. 

Fio. 78. — Tuhojnill. 

are longer and consequently luuch more suited for gi-inding largo 
quantities of material to so extremely line a powdei- that it is difficult 
to sieve it. It is found in ])raetice that the uniformity of the 
product is so great that it is unnecessary to use sieves and no 
])rovision is made in the machine by which they can b(' used. In 
this res]ieet a tube mill differs from a ball mill whidi delivers 
a product containing partich's of vaiious sizes. Like ball mills, 
tube mills also produce grains which are genei'ally rounded in 
shap(i and not angulai'. 

Ihibe mills ai'c essentially “ line grinders ” and work b(\st when 
su])plied with (loarsely j)owdcred niakuial ; for this reas{m, they 
are often used in conjunction with and in succession to ball juills. ’ 

The cylinder is slightly inclined and rotatcal at about 25-30 revs, 
per min. According to Davidson, the sliced of rotation should be 
200 < 

revs. ])er mm. where d is the internal diameter in inches. The 

coarse grit enters at one end through an automatic feed ; it gradually 
passes by gravitation to the outlet at the other end, being pulverised 
VOL. 1 2 b 
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and reduced in its passage by the crushing action of the balls 
falling upon one another during the rotation of the cylinder. Flint 
balls or pebbles — being a natural product, comparatively inexpensive 
and of extraordinary hardness — are usually employed, but steel 
ones may be used where the presence of iron in the product is not 
objectionable. 

When a tube mill is first started it is charged with pebbles 
or balls in prearranged proportions, but replacements are always 
made with the largest size, as the mill automatically produces 
the smaller pebbles in the course of its work. The weight of the 

balls or pebbles is usually about 
l:|-2 times that of the material 
to be ground, or, according to 
Davidson, of the capacity of 
the mill in cubic feet. 

The lining of the tube mill is 
composed either of cast-iron strips 
or of small specially prepared 
bricks of a nature somewhat re- 
sembling porcelain and laid in 
cement. The durability of a lining 
depends upon the cliaracter of the 
material to be ground, but a suit- 
able lining should, with ordinary 
care, last at least a yc^ar. In 
many cases, linings serve eighteen 
to twenty-four months. 

The output of a tube mill de- 
pends on the ultimate linem^ss to 
which it is required to nuliuui the 
material ground in it, and also u])()n 
the size of tlie piecses fed into it. 
By reducing tlu^ rate of final, it is 
]wssiblo to ])ro(lu(a' a mateilal of 
almost any (h^ginu^ of (immess. 

_ The fact that tlu^ bails in a tTibe 

mill have an extraordinarily large grinding suii'aee makc's it ])ossiblo 
to run the mill at a slow speed, so that almost all thc' power 
required is actually used in the grinding pi'octess itself and is not 
wasted in maintaining a high speed of rotation. On tln^ other 
hand, the great weight of the balls in relation to the material to b(' 
ground makes tube mills costly to drive as eonqianal with ball mills 
and sieves. In short, tube mills are expensive in first cost and 
in inaintenance ; they are moderately, yet not highly, (dficient, and 
their chief recommendation is the certainty that the material is 
projiorly ground and requires no sifting or othei- treatment. 

Lehigh-Fuller mills are a type of ball mill in which the centri- 
fugal forc6 of tli6 balls is used instead of their weight. Such a 
mill (lig. 79) consists essentially of a fixed cylinder containing 
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a hardened steel ring or race against which the material to be ground 
is fed. In the race is a number of hardened steel balls which 
are driven round in the race by means of a rotary casting, resembling 
a heavy rimless wheel with a ball lying loosely between each pair 
of spokes. Air currents caused by fans in the upper part of the 
machine lift up the smallest particles of material and throw them 
against sieves through which the finest particles pass, the remainder 
falling back into the race to be re-ground. The mill may be very 
conveniently fed by means of a screw conveyor (p. 382). 

The Ijehigh mill is especially valuable for the production of an 
impalpable powder (about 85 per cent passing through a 200-mesh 
sieve), when the quantity required would not justify the erection 
of a ball mill, but all 
centrifugal mills are 
extravagant in power 
in comparison with ball 
and tube mills. 

Roll mills (Fig. 80) 
are also of the centri- 
fugal type, but in them 
the ring against which 
the material is com- 
pressed during the 
grinding is arranged 
vertically instead of 
horizontally as in tlu^ 

Leliigh mill. Inside 
this ring are tlina^ rolls 
mounted on horizontal 
shafts : om^ of the rolls 
is ])ositively drivcm ; 
th(^ other two rolls 
and the ring derives t’le. 80. — Roll mill, 

their motion by friction 

from the ditven roll. The mabn-ial to be gi'oimd enbu's the mill 
abov(' oiu^ rollei- which acts ehii'Hy as a ha'd roll, and the material 
is draavn by tlu' rc'volving ring under this roll and on to th(i other 
rolls which comideb' the pulverisation. Tlu; mill takes about 
25 h.p. to grind 1-3 tons of material jk*!' hour (dcipending on its 
hardness), if supplied with pieevs up to 1 in. diameter, and the 
product will leave a la'sidiu' of 8 eemt on a lOO-mesh sieve. 
Th(‘ sanui machim^ will ju-oduee 1 ton ])er hour of a material 
halving a residue of only 7 ])er cent on a 2()()-mesh sieve. 

Pendulum mills act in a similar manner to a mortar and ])estlo, 
though on a much larg('r scale. A typical mill of this kind is the 
(Iriffin mill (Fig. HI), in w'hieh the " consists of a shaft 

susi)end(al vertically fi'oin a universal ball joint within the pulley 
fi'om which the machine is driven, a small crushing roll being 
attached to the lower extremity of this shaft. As the shaft revolves, 
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th6 roll at its lower end swings radially outward and grinds 
niaterial between it and a ring or die which forms the mortar. 
The pendulum shaft is mounted on trunnions which work in halt 
boxes and slide up and down recesses in the pulley-head^ case, so 
that the crushing roll is free to swing in any direction within the 
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Fia. 81. — Pondulum mill. 

casing. To the bottom of the roll is attached a scric'.s of plouglis or 
stirrers which violently stir the material in the |)an which forms 
the bottom of the mill and throw it between the c.nisliing roll and 
die. A fan attached to the shaft above the crushing roll keeps the 
ground particles in motion and drives them against a circular sieve 
or screen above the die. Those particles which 'are line enough to 
pass through the sieve do so and are discharged from the machine 
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on to a conveyor ; the insufficiently ground particles fall back into 
the pan at the bottom of the mill, ready to be re-ground. 

Grijffin mills are driven at 150-200 revs, per min., at which speeds 
the makers claim that a pressure of 6000-8000 lb. is exercised 
against the die. 

The “ Gus ” pendulum mill (Eig. 82), made by 0. E. V. Hall, 



<'. E. V. Hull, Sheffield. 

Fj(J. 82 . — “ (fun ” mill. 


Sheffield, is of similar design to the Griffin mill and is capable of 
;:r‘r.d ’ i^' nieces to an impalpable ])()wdei-. A special feature 
I-.!' ■ ■ ■ lies in the details of construction, which reduce the 

power re([uired to much less than that needed by other pendulum 
mills having the same output. 

Another modification of the ordinary type of pendulum mill is 
made by the Raymond Impact Pulveriser Co., of Chicago, U.S.A., 
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in wMch from two to five pendulums are employed, eacli. being 
suspended from a central casting which carries all the moving 
parts. The action of the mill is the same as in the Grifiin type, the 
material being stirred up by scrapers and ground between the 
grinding ring and the pendulums. 

Grindstones are sometimes employed for fine grinding. These 
machines usually consist of two circular grindstones running close 
together in either a vertical or horizontal position, so tliat the 
material is ground between their adjacent faces. Natural sand- 
stone or chert carefully chiselled to the desired shape is usually 
employed, but artificial stones are being increasingly used. The 



Sturli’vcDit Mni/ineiriiii/ do., IJd., Loudou. 
Fiu. 83. — Horizontal griiuLstono oi' lliiri’ mill. 


stones may be of various sizes up to about 5 ft. (liaiiicic'r and a, re 
rotated at 120-180 revs, per min., the smalku' stoiu's Ixung roia,i.c(l 
the most rapidly. The power recpiired is about I <8 li.p. for a-ti out- 
put of 1-3 tons per hour, depending on tlu'. hardiu'ss of tlui material 
to be ground. 

Mills with a horizontal and a vertical stem' l•(^s|)e(•ti vely am 
shown in Figs. 83 and 84. Grindstones are chielly used for r(‘(lucing 
materials to an extremely fine powdei- (“ flour ”). At one tinu! 
they were extensively employed, but they arc^ now gradually Ixu'ng 
replaced by tube, ball, or pendulum mills. 

Edge-runner mills are largely employed for r(Hlucing silicH^ous 
materials used in the manufacture of silica bri(;ks, sand-linu' bi'ieks, 
etc., where it is desired to produce angular particles without too 
large a proportion of dust. An edge-runner mill cionsists of a i)air 
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(ii.) Revolving pan mills, in which the pan is rotated mechanicaily, 
the rollers merely turning on their axes as the result of the friction 
between them and the material to be ground (Fig. 86). 

For reducing large pieces chaser mills are better on account of 
their great strength, but for pieces less than 3 in. diameter the 
revolving pans are usually preferable. 

Chaser mills with fixed pans can be made stronger than mills 
of the revolving pan type, as the pan of the former can be placed 
on a solid foundation, and there is less liability of damaging it when 
the rollers are raised several inches by the introduction of large 
pieces of hard material. Edge-runner mills may be either over- or 



('. Whiltaker clV f'«,, IMI., 

Fia. 80 ,-— Revolving pan mill. 

under-driven, the over -driven typo being most geiUM’ally usc'd, as 
the gearing is more readily accessible, is less liabk^ to be cloggcal by 
dust, and more space is available beneath the pan for tlu^ (iolkuition 
of the ground material (Fig. 87), 

The gearing, whether the pan be under- or over-(lriv<^n, should 
consist of a horizontal crown wheel of am]de diaimdica* ajid strc'iigth 
with well-cut teeth, driven by a pinion of cojTosjionding strcuigth 
and arranged to withstand many sudden and violent shocks. The 
drive should be through a belt to a countershaft, as it is not (k'sir- 
able bo have several mills of this type all driven dircuit, though this 
is done in some works. The belt absorbs some of the shocks which 
would othermse be transmitted to the driving shaft. Eitlwir a 
loose pulley or a simple form of clutch should be provid('.d, so that 
the machine can be stopped rapidly when required. 

The pulleys should be properly selected for the work they are 
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to do. Too narrow a pulley is a serious mistake, as it causes more 
wear than one which is of ample width for the purpose. As the 
power transmissible by a belt or pulley is proportional to its width, 






0. WhUUtkt’f cL' ('<>., A('rriii!/lo)i. 
Fiu. 87. — Open-base ])an mill. 


it is always wise to err on the side of one which is too large, rather 
than too small. Owing to the dusty nature of the material, rubber 
and canvas or similar belts are preferable to those made of leather. 
The belt should be kept properly dressed. 

In mills with revolving pans, the footstep bearing on which the 
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ipriglit shaft carrying the pan is supported should 
as it has a much heavier load than is commonly 
.cl be made in two parts so as to facilitate examina- 
,j.iaoement when required, and shoidd be so designed that 
..oii be affected by the shocks to which the pan is subjected, 
ild be lubricated with grease or oil of good cpiality, which 
be supplied automatically as far as possible, though the 
necessity for occasional inspection should not be overlooked, as 
footstep bearings are costly to repair. 

The pan is lined with chilled metal or steel plates, or chert slabs 
mounted so as to form an easily renewable beck The metal ]dates 
may conveniently be arranged in two concentric circles, the inner 
one, preferably made of tough manganese steel, being the grinding 
bed on which the material is subjected to the pressure of the runners, 
whilst the outer one (which for cheapness may bo made of diilletl 
metal, as it is subject to less wear) serves for mixing the material 
and repassing it under the runners. The rim of the pan may be 
made in one or more pieces as desired ; it should be vertical I'ather 
than sloping, though some grinders prefer the latter. 

The pan may be solid or it may be perforated with .holes or 
slots. A perforated pan is preferable for dry matc^i'ial, as it is 
continuous in action ; the material when sufficiently finely gi'ound 
falling through the perforated bottom of the pan ami (^scjaping fr'om 
the machine. In the solid pan, on the contrary, the machine must 
be stopped at intervals and emptied, recharged, and staided again ; 
this involves a waste of time which should, if possibles b(' avoided. 
Dry materials should never be ground in a solid pan, as much of 
the material is lost in the form of dust and there is a gi't'at wastes 
of power. When the material is not too hard, tlui rolk'rs may be 
raised about ^ in. above the pan, as this re'diuics tlu^ amount of 
dust produced. Instead of the whole of the pan Ix'ing pe'rforate'd, 
the parts immediately below the rollci's may solid, whilst tla^ 
rest of the bottom of the pan may be ])(!rf()rat('d. iScrapcu's may 
be arranged which carry the ground material on to tlu' pei'foralx'd 
part of the pan and return that portion which will not paas through 
holes to the grinding bed for further treatnumt. In sonu' cas('s, 
the sides of the pan may also be perfoi'atcd, though this is s('ldom 
necessary. The sha])e of the perforations vaih's, slots being used 
in some mills, whilst in others circidai' hol(\s arc^ employx'd. 'ria^ 
latter are ]U'eferable, as they ])revent largci (iakia from passing out 
of the mill. If slots are iised, their length should usually Ix' at 
right angles to the track of the rollers, uult'ss tlu' presemee of (laky 
pieces is not considered objectionable, wlum tlu' output of th(^ mill 
may be increased by having the length of tlu' slots in the dii'cadion 
of the travel of the rollers. Both perfoi-ations and slots wcai' som(w 
wliat rapidly (unless the pan is made of exceptionally liai’d nudail) 
and should be renewed before the apertures become mididy largcn 
The size of the perforations varies with the ]nu'posos i'or whicdi 
the ground material is to be used, but it is inadvisable to use holes 
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smaller than -I in. diameter, as they are liable to be easily clogged 
and require frequent cleaning. If a pan mill is used to grind a 
material to powder, the material from the mill should be screened 
and the coarser material returned to the mill to be re -ground. 
Although all the material thus returned is capable of passing through 
the perforations in the mill, it will, if delivered to a solid part of 
the pan, be reduced to much smaller particles before being dis- 
charged through the perforations. It is by no means unusual to 
employ screens of 24-mesh, in conjunction with I -in. perforations 
in the pan, with completely satisfactory results. 

The holes in the pan should taper so as to be larger on the 
under surface of the pan than on the upper one ; this largely 
prevents the holes from being clogged. 

Edge-runner mills used for dry grinding must be very strongly 
built ; the runners should be as heavy as possible, and are best if 
constructed of iron and fitted with renewable rims or tyres of steel 
or special hardened metal. The employment of these removable 
tyres has many advantages, one of the most important being the 
cheapness with which the working surface of the runner can be 
kept reasonably level. 

Some firms prefer the runners to be made of stone, and where 
it is necessary to avoid the use of iron this material is excellent. 
For most purposes, however, it is better to fix on them a renewable 
type of manganese steel or chilled iron, as unprotected stone wears 
away rapidly. An excellent arrangement when transjmrt charges 
arc heavy is to make a skeleton ninner of iron and to fill it wdtii 
(concrete when the runners have reached their destination. 

The runner’s must be so e.onstrueted as to allow of theii' vru’tical 
movement thi'ough a distance of at least (> in., so that in the event 
of a lai’ge mass, too hard to be immediately crushed, getting into 
the mill, the runners may pass over’ it. If this cannot Ik; done, 
an exces,sive strain is placed on the di’iving g('ai' and an accirh'nt 
may result. One excellent method applic’ablc^ to mills v\-ith r'evolving 
])ans is to suspend eacdi roller by means of two (drains, hut a moi’c^ 
usual one is to [rrovide slots in the standai'ds eai'ryitrg tla^ ends 
of tlu' I’unruu’ axles. 

Fi’om the point of view of diu’ability, th(' hc'st pan mill is th(' 
011(1 which has the maximum ()ut])ut foi' the smalh'st pan-ai’('a ; 
iK'iice it is luieessai’y that the sci’apr'i’s should be (ixr’d V(‘ry eare- 
Fully so as to woi’k with the greatc.st elfieic’ncy. Tlu'V should he 
arrang('d so as to mix the material thoi’oughly and to jrass it as 
often and as completely as ])().ssible beiK’ath the runiKS's. Each 
serapei’ should be capable of scjrai'ate adjiistuK’nt, both horizontally, 
so as to ensure that it moves the material in tin* desii’cd (lii'('ction, 
and vertically, so that it may be lowered as the metal wear’s 
away. Some firms on the Continent u.se hanging scraper's which 
rest orr the mater’ial by their’ own weight and can imrve vei’tically 
without being adjusted. If the scrapers ar-e fixed to arms ]rivote(l 
on a shaft, at the back of the machine, the fr’ont of the pan may 
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be left more free and accessible than is usually the case ; this greatly 
facilitates the emptying of the machine when this has to be done 
by hand. There are, however, objections to self-adjusting scrapers, 
and those which must be adjusted by hand are preferable ; they 
remove material which would otherwise adhere to the pan, and so 
ensure a better mixture than is obtained with loose scrapers. The 
smaller the perforations the closer should the scrapers work to 
the bed. 

The output of edge-runner mills depends on the number of 
revolutions of the pan or rollers, the number of scrapers, and the 
speed with which the powdered material is removed from the mill. 
The quality of the product depends on the breadth of the runners, 
the form and number of the scrapers (which regulate the number 
of times the material is passed under the runners before it is 
removed), and the time taken in grinding. 

To secure the greatest output, edge-runner mills must not bo 
overloaded, but should be fed in a regular manner, preferably 
by one of the automatic feeders described on p. 382, with material 
which is not in unduly large pieces. No maximum can be applied 
in all cases, but as a general rule no pieces should be larger than 
3 in. diameter, and if the largest size is only 1 in. so much the better. 
It is cheaper to reduce large pieces to 1 in. in diameter in a stone- 
crusher than in a pan mill, so that a crusher is economical as a 
preliminary breaker for this purpose. 

It is very useful, in many cases, to attach an apparatus con- 
sisting of a lever, one end of which is placed so that when a I'unner 
is raised too high above the level of the bed it will automatically 
move the lever and ring a bell, thus indicating that tlu'. mac.lun’e 
is being overfed, and that the supply of material should las iHaluced. 

Edge-runner mills are chiefly used for rethming sandstomi, 
silica rock, ganister, etc., to a line i)owdei-, in the manufactun^ 
of bricks, etc. They are also used for the iHvpai'ation of maku’ial 
for sand-lime bricks and in the reduction of metallifei'oiis sands 
for further treatment. 

The chief disadvantages of dry grinding silica and otluu- sharp- 
grained materials in edge-runner mills and other o])(ui. mills, is tlu' 
danger to which the operators are exposed on accomit of the dust 
which rises from the machines and causes silicom,'^, which, in, sonu' 
cases, is fatal. This may be avoided by enclosing tlu^ mills and 
using fans to collect the dust, but this is somctinais troubh'soiiu^ 
and difficult. 

Wet grinding may be carried out by means of stamps (p. 3(54), 
ball, or tube mills (p. 365), grindstones (p. 374), or edge-runner 
mills, which are used in a similar manner as in dry grinding, cxc,e])t 
that water is present as well as the material to' he ground. The 
chief difierences in the appliances used in wet grinding and dry 
grinding respectively are : 

Wet Stamps— Inste&d of passing the material through a slit, 
it is carried by a stream of water on to suitably placed screens. 
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Ball mills for wet grinding are of similar design to those used 
for dry grinding, but where fine material is required the mills must 
usually work intermittently (as Alsing cylinders, which are charged 
and run until the machine has sufficiently ground the material ; 
the mills are then emptied and recharged). For coai'ser grinding, 
wet mills with continuous action may be used. 

Tube mills are more adaptable for wet grinding than ball mills, 
the construction being practically the same as for dry grinding. 
The mill is filled up to about its centre line with balls or flints, and 
the slurry is admitted at one end and discharged at the other, 
the exit being fitted with a sieve to prevent the escape of the balls. 

Grindstones for wet grinding are similar in construction to dry 
grindstones, though only horizontal stones are used ; it is found 
that in wet grinding only the lower stone should revolve, as this 
secures a greater output than when the upper stone is rotated. 
In wet grinding, the stones are driven at about half the speed used 
for dry stones, so that less power is necessary. Artificial stones 
are preferable to natural ones, as they wear longer and are in every 
way more satisfactory. 

Edge-runner mills or Pan mills for wet grinding must work 
intermittently, as they cannot satisfactorily be worked continuously. 
They usually have a solid pan and runners 5 ft. -5 ft. 6 in. in diameter, 
16-18 in. wide, and weighing about half a ton. The j)an should 
revolve and the rollers be loose. The mills may be under- or over- 
driven, as desired. The usual charge for an edge-runner mill is 
about ()()()-1200 lb., which is treated for 20-30 mins., and then 
withdi-awn. No material which is more than 1 in. diameter sho\dd 
h(^ supplied to th(i mill. Such a mill, charged each time with 
750-000 lb. of silica, will deliver regularly about 1 ton per hour, 
the mill being cm])ticd and filled three times ])er hour and requiring 
25-30 h.p. according to the hardness of the material. 

A pan mill is usually emptied by hand assisted by some sim])l(^ 
device. Long-handled shovels mounted on a universal joint are 
largely used, and are effi'ctive, but ratheu- risky, and tlKu-td'ore 
undc^sirabkn No wholly satisfactory method of enqfiying the 
iHWolving pans without stopping the mill has yet beem devis(id, 
though several ingemious devices an^ sufficiently satisfactoi'y for 
some ])urposes. Their chief disadvantage is that (umtinTums 
working introducies the continuous feeding and the continuous 
withdrawal of matcu'ial from thc^ pan, so that the ])roduct is newer 
so wcdl ground as in machines which work intcmmittcntly with 
batc.hcis of material su])plied at regular intervals. 

When a stationary type of pan mill is employed, it may be; 
emptic'd by o])ening a sliding door which covers a hole in the ])an. 

All edge-runner mills should be charged uniformly, and care 
should he; taken not to overload them or to run them with too 
small a charge ; consequently, it is desirable to use a measuring 
dc'.vice, or to weigh the charges ; where a sufficient number of mills 
is used, a poidometer (p. 334) may be employed. 



382 


AUTOMATIC FEEDING DEVICES 


The duration of grinding should depend on the nature of the 
i^n^-eriM being ground. About three charges per hour are attained 
most siliceous rocks which have previously been reduced in 
eliminary crusher. 

Levigating mills — used for the wet grinding of flint in the pottery 
industry — consist of a circular vat 4-C ft. wide, the bottom of which 
is paved with hard (chert) blocks. In the centre is a vertical shaft 
provided with stout horizontal arms which, when rotated, move 
large irregular blocks of hard stone (chert) over the paved bottom 
of the vat and so reduce any material placed in it to powder. 

Wet grinding has the advantages of avoiding the production 
of dust and of producing a finer product, though the angularity of 
the grains is usually destroyed. 



llnmett. (fc Saijcr, hit/., Ihniii/. 
Fin. 88. — Screw feeder. 


Automatic Feeders for Grinding Mills.— TJk^ edich^iuiy of any 
grinding mill depends very hirgidy on tlu^ ratc^ at vviiich ilic 
material is fed into it. The' ideal method is to supply th(> mab'rial 
to the mill in a continuous stnurm at exactly tiu^ saim^ i-atc^ 
as that at which it is being dischargiul in tl'u^ ground static ; 
this is pot usually possible, so that the most satisfactory nudhod 
of feeding the mill is that which most nearly ap])roxiniatc,s to a 
continuous feed. 

Hand-feeding would be ideal with a ])roi)cr attemdant, but in 
practice it is seldom really satisfactory, as the man (dther sui>])lies 
too much material at once, thereby overloading and choking tlu; 
mill, or he is over-cautious and does not secure the maximum output 
which the mill is capable of supplying. An automatic; f(;ed, wlum 
properly adjusted, overcomes both these drawbacks, as by its 
means a perfectly uniform supply of material to the mill is ensured. 
Automatic feeders are of four chief tyjies : 

A screw conveyor (Fig. 88), in which the material is tipped into 
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a horizontal trough containing a slow-moving screw or worm, and 
carried forward at a rate which depends on the size and speed 
of rotation of the screw and on the length of screw-thread acting on 
the material to be moved. By varying this length by altering the 
position of the screw on the shafts, the output can be controlled 
very accurately. 

A scraper conveyor, consisting of a vertical drum with an 
independent revolving base-plate (Fig. 89) carrying a scraper, 
which, as the base-plate rotates, 
pushes a regular stream of material 
through an opening in the side of 
the drum, or between it and the 
base, into the mill. The amount of 
material delivered may be varied 
by altering the size of the aperture, 
the speed of the base-plate, or the 
size or position of the scraper. 

A conveyor belt,*' above which is 
mounted a barrier or block, ad- 
justed so as to allow a suitable 
amount of material to pass beneath 
it, any surplus being held back and 
eventually carried forward by a less 



heavily loaded portion of the belt. 
This ty])e of feeder is very useful 
where scwcwal mills ar(' to be fed 
from one source, but the wear and 
tear on the Ix'lt is ratlu'r high. 

All en<ll(\HH bell lifted with buckets 
or otlu'i’ eontaimu's wdiieh are auto- 
matically filled and discharged at 
intervals. This type of feeder is 
merely a modification of a liucket- 
elevator (p. 339). 

(issc'utial (iharachu'istics of 



a good automatic feeder are : 
[a) stri'ugth, {b) simiilicity of 


Kid. Si).-- Revolving biiHO-pliiio 
ieculcir. 


di'sigii and construction, (r) low 

driving powiu', [d) rc^sistance to wear and tcuir, and (e) unlimited 
capach-y to rc'ceivi' and delivc'r thcsinaterial in a perfi'ctly r('gular 
inaniHM' to tlu^ mill. Tlu' first two tyjies of feeder descd'ilx'd abovi^ 


an^ v(U'v r('gular in their a-ction, but are rather expensive in jiower. 
Th(^ otiu'i' two ar(^ also satisfactory, though tluur use is limited, 
and the last-numtioiu'd is not really eontinuous, but intermitttmt, 
though tlu^ intm’vals are v('ry small. Each nudhod is better than 
hand-fei'ding, bc'cause it is usually more n'gular than the latter. 
The saving in power effected by the use of mechanical feeders is 
very c.onsiderable, and if the fecclei's arc carefully selected they soon 
rejiay the initial expenditure involved. 


CHAPTER IX 


PURIFICATION OF SANDS AND SAND-ROCKS 

The purification of sand and sand-bearing rocks may be effected in 
several different ways, according to the nature of the material and 
the amount of purification necessary. The principal methods 
employed are : 

(i.) Hand-picking. 

(ii.) Washing. 

, (iii.) Concentration by 

(a) Water. 

(b) Floatation. 

(c) Air. 

(d) Magnetic separation. 

(e) Electrostatic separation. 

(iv.) Chemical action. 

(v.) Calcination or burning. 


HAND-PICKING 

Hand-picking is only employed where the impurities arc in the 
form of relatively large pieces which can convoniontly be picked 
out by hand. Coarsely ground stone may be hand-pick(^d to remove 
portions which are too badly contaminated by iron compounds, 
etc. Gravel or pebbles may sometimes be removed from sands by 
hand-picldng, but these materials may often bo separated ecpially 
satisfactorily and more economically by means of screens. Except 
in special cases, hand-picking is not applicable' to sandy materials, 
and their purification is usually effected more economically by 
mechanical or other methods. 


WASHING 

Washing consists in applying water to the material in such a 
manner as either to remove undesirable constituents or to remove 
the sand and leave the impurities behind. Thus, a mixture of 
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sand and clay is washed in such a manner that the clay is removed 
by the water, but when a mixture of sand or gravel is washed the 
water carries away the sand and leaves the gravel behind. Some- 
times the washing is so arranged as to effect a separation into 
particles of low and high specific gravities ; this is particularly the 
case in dealing with placer sands and other deposits containing 
valuable minerals or ores. This treatment is termed “ Concentra- 
tion ” (see p. 413). 

In washing, the clay and other small particles are separated 
from the remainder in accordance with (a) their weight, {b) their 
size. In the former method the larger particles settle out of 
suspension whilst the clay, etc., is carried off by the wash-water, 
and in the latter method the larger particles are retained by screens, 
through which the water and smaller ]iarticles escape. 

In both these methods, the water not only removes the clay and 
silt, but also a considerable proportion of any carbonaceous matter 



present ; some f(M'i'uginous matter may also bc! rcouoved, tliough 
tlie se])araiion of ii'ou lilms on grains of sand is mueh more diffimdt. 
Tims, tlie Ti'iassie and I’c'rmian sa,iids cannot !)(; compl(4ely purified 
by wasliing, as tlie grains a.r(' (aivenal with a- thin adlus'cmt film of 
haematite which is viM'y difficult to rimiovc'. Ci'ains coated with 
limonite ari' mori* readily cli'amal by washing, though this treat- 
ment will not r(unov(' the whole of the iron pri'scuit as limonitm 
Washing by Suspension. Various imdhods of applying the 
vvati'i- in order that it may cany off the small |)a,i'ticl(‘s of clay and 
other imjuiritics, ai'c in usm Oik* of the simplest Imt by no nu'uns 
the most, ('conomical, is by means of tlu' Iroiiyh vHtshrr, which 
consists in putting tlu> sand in a long trough having a V-shaped 
cross-s(u‘tion (Fig. bO), through which a constant sti’cam of wati'r 
is k('pt running ; tlu! sand is stirred up by hand, using rods, spades, 
or otluu- stirring dcvi('i‘s so that each grain of sand is brought into 
intimate contaiit with the waiter, and the adheremt particles of dust 
and (day are removed and washed away by tln^ stream of water, 
leaving tlu' clean sand Ixdiind. It is inpiossible with this arrange- 
ment to use th(i waiter ('fliciently, so that a vei'y large quantity of 
water is required ; the time occupied in washing is also much 
yoL. 1 2 0 
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longer than when more efficient mechanical mcthofls are employed. 
The method is, therefore, confined to cleaning small quantities of 
sand where a more elaborate device would not bo profitable ; apart 
from its cost, the method is quite satisfactory. It may be made 
more effective by having a series of troughs one below another, as 
this increases the chance of the sand being thoroughly cleaned 
without using more water. , 

Elat-bottomed troughs termed sluice , are oftcui uschI for washing 
large quantities of sand, especially those containing ))recious metals. 
Such sluices are about 12 ft. long, from 1 1-2 ft. wide, and 1 ft. deep, 
the floor sloping 2-21 in. in its length of 12 ft. ; in some cases, the 
floor of the trough forms a series of stei)s about 4 ft. apart. Sluices 
are used in exactly the same manner as V-shaped ti'ough washers. 

A still greater improvement can be obtained by using a 
mechanical agitating device to ensure the thorough admixture of 



the sand and water. Thus, one of tlici simplest of siiclt troughs is 
the log washer (Eig. i)l) which is frcunKuitly u.scd for wa,sliing 
metalliferous sands, tlie simple.st form consisting of a,n iiicliiKsl 
wooden trough, lined with wrought oi- cast-iron phiti's and (ith'd 
with a shaft carrying ])addle.s arranged at a,n angle so a,s to mix 
and convey the mate.rial to be treated from tlu^ lowi'r (md to tlui 
U])per end of the troiigli. The shaft revel v('s a,t about 12 r('vs. p('r 
min., and discharges the washed .sand at the to]) end of tlu' ti'ough, 
the water travelling in the opposite direction and carrying with it 
the dirt, clay, etc., removed from the sand. 

Another form of trough which is sometinu's us(>d for rcunoving 
clay and dirt from metalliferous sands consists of what is known 
as a mud-wheel, namely, a i)addle-wheel 5 oi- 6 ft. in dianuda'i', which 
revolves in a trough containing the sand and water. The paddles 
lift up the sand and allow it to fall again into the water, thus putting 
the clay and dirt in suspension so that they escape when tlu' water 
is run off. In the Greenaway wa.sher (Ei'g. 92) manufactured by 
Hardy & Padmore, Ltd., Worcestei', the sand is f('d on to an 
inclined rotary screen through which it is washed by jets of water. 
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any gravel being separated by the screens. The sand and water 
fall into a long trough provided with a rotating shaft carrying a 
large number of blades which churn up the sand and water and 
gradually transport the sand to the farther end of the trough, 
whilst the water flows in the ojDposite direction. On reaching the 
end of the trough the sand falls through a tank, up which a current 
of water is rising, into a second mixer similar to the first, through 
which the sand is conveyed in a direction contrary to that of the 
water flowing through. 

Finally, the thoroughly washed sand is discharged into a tank 
of clean water from which it is raised by a bucket elevator with 
perforated buckets which allow most of the water to escape. The 
elevator discharges the sand on to the ground or into wagons or 



bins as required. The length of the mixing troughs and tlu' fact 
that the water and sand travel in o])ix)site dircM’tions tmsure th(^ 
sand being thoroughly washed, wdthoxit inueli waste of wat('r and 
with a minimum amoxuit of attention. 

The effieiem^y of all these types of sand waslnu- (h'pends on (a) 
th(^ ('xtent to which the clay, etc., is se])arat(Ml from tlu' sand and 
is suspended in the wash-water; (h) the speed of the eui'nmt, w Inch 
determines the size of tlu' partick's wdiieh will h(‘ carried away and, 
thiM'efore, (controls the aixiount of im))urity left in the sand and the 
amount of sand carried away nnd lost ; and (r) tlu' sizes of tlu- 
smallest ])articles of sand which it is desii'cd to retain, as this 
limits the speed at which the water can he allowed to flow through 
the trough. 

The eomhined effect of (b) and (r) causx's the grains of sand to 
travel downward and at an angle which depends on the two forces 
concerned. Thus, a grain of sand which will just ])ass throxigh a 
20-mosh sieve will settle in still water at the rate of nearly 4 in. 



388 


WASH-MILLS 


per sec., but in a trough through which a current of water is flowing 
k the rate of 12 ft. per sec., the grain will travel longitudinally for 
some distance before it settles. Eddies in the stream and varia- 
tions in the stirring also affect the deposition of the particles. 

The amount of agitation of the crude sand and water necessary 
depends on the ease with which the grains of sand are separated 
from each other. If much clay is present, a very thorough agitation 
is required, whilst a clean sand composed of almost pure quartz 
will enter into suspension almost immediately. 

The rate of flow of the water should be controlled by valves or 
other suitable means so as to carry off the clay and “ dirt ” without 
losing too much sand. The best rate must usually be found by 
experience, and particularly by collecting the liquid running away 
from the end of the trough, allowing it to settle and then noting 



how much sand is present in it. This is (b-alt with more' fully under 
Elutriators (p. 391). 

Baffles or riffles arc sometimes used in washing ti'oughs to a.id 
in the retention of the largcu- ])arti(;les. 

Among other arrangements for agitating tlu' sa-nd and watei’, 
the most satisfactory an^ wash-mills, di'um, tubc^ aaid eonieal 
washers with intei'iial agitators. 

In some cases the agitator is se])arat(' from the wa,sh(‘r i)roper ; 
the latter then usually takes the form of (dthca' aai (duti'iator or of a 
series of settling tanks. 

A Wash-mill (Fig. 93) consists of a eirenla?' tank oi’ aimular 
ring 6-15 ft. in diameter and 2-G ft. deep. In the centre^ is a vcu'tieal 
shaft which is rotated either by a horse, engine, or motoi'. Attached 
to th(^ vertical shaft ai'o several horizontal arms carrying harrows 
which trail in the sand and water in the mill, and stir them up, 
and ])nt both sand and clay, etc;., in suspension. Aft(u‘ a sufficaont 
amount of stirring, the rotation of the arms is sto])i)od and the 
contents of the mill are allowed to remain motionless, thus 
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separating the clayey matter from the sand. The water and clay 
are then run off through an opening in the side of the mill and 
afterwards the clean sand is removed, either by digging or by 
means of a small bucket elevator. Attempts to work wash-mills of 
this type in a continuous manner (by removing the sand continu- 
ously with an elevator at the same rate as fresh sand is admitted, the 
stream of water also being continuous) have not proved completely 
satisfactory, though they are sufficiently so in some localities. 

An intermittent wash-mill, when horse-driven, is capable of 
washing 16-28 tons of sand per day, but an engine- or motor-driven 
wash-mill may treat 120 cu. yds. of sand per day of 24 hours. 

The chief drawbacks of a wash-mill are the very large quantities 
of water involved, the intermittent nature of the process, and the 
ease with which a careless or indifferent workman may deliver 
improperly washed material. They are, therefore, used to only a 
limited extent. 

Drum washers may bo regarded as covered trough washers ; 
being “ closed ” they can be worked at a greater speed and inclined 
more steeply than an open trough washer. When horizontal, 
they consist of a pipe or cylinder containing a shaft bearing a 
series of blades which churn u]i the sand and water and -iiroduce 
a good mixture. The blades are so inclined that they also propel 
the sand to one end of the washer, whilst the watev is und(!r such 
a iiressure that it travels in the op[)osite directicjii. This counter- 
current ae.tion ensures tin; cleanest water ctoming into contact 
with the (tleanest sand, thereby ('-conoinising water and emsuring 
as thorough a washing as tlu^ inacihiiu^ c.au prodiuHv 

If the drum is iiiclini'd, the shaft and blades must usually be 
replac.ed by a continuous or Archimedean scirew ; in that ease, 
the sand is admitted at the lower end of the drum by nutans of a 
hoppc'r, and wabu- is iulmitted at the uppeu’ (Uid and trav(ds down- 
ward through tlu^ washer. The rotary motion of tlu^ screw con- 
v('yoi' e,aus(\s tlu^ material to pass u]) tlu* inclined drum and fall 
out of the (uid at the top. In i)assing up tlu' drum, it is agitab'd 
by thc! motion of tlu' scixwvq and tlu^ adlua-cuit dirt is waslu'd out 
a,nd carried a-way by tlu' wabu* which ovcrllows at the l()W(‘r (‘ud 
of tlu^ drum. A machiiu^ of this kind is capabhi of waishing 20-50 
oi' mor(' cu. yds. of sand ))ci' day. 

Tlu' (drici('ncy of smdi a waslu'r de|)(‘nds on thc spccal of the 
wat(U' and on the (nxbait to whiidi the pa.iticl('s of sand, (>tc., ai’(^ 
s('parab'(l a.s tlu\v travel through the drum. 'The agitating and 
separating powcu" of a s(U'i(5s of blades in a hoi'izontal drum is far 
greater tlian that of a compleb^ screw, so that tlu^ inclined drum 
is usually less (d'licacnit unless made of V('ry gr('at length. Tor 
many sands the imdined drum, exbnidcal so as to form a i)ipe, 
po.ss(^ss(vs ample agitating and suspending power and is, in eveiy 
way, satisfactory, provided the sand aiul water travel in opposite 
directions. Wluui th(\v both travel in the same direction, a longer 
])ipe is necessary to ensure a perfectly clean product. 
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A particularly successful washer of this type is the Frey gang 
Separator (Eig. 94), which consists of an inclined tube a, with 
a vertical branch e, an overflow with waste pipe g, and a worm- 
conveyor c, rotated by gearing driven by the pidley h. The 
material to be washed is agitated with water in a separate mixer 
or blunger and is fed into the funnel along with a supply of 
clean water from the pipe /. The mixture passes to the inclined 
tube a, and rising through it is gradilally separated so that the 
fine particles of clay, etc., are carried away through g, whilst the 
washed sand is collected in the tank d. The object of extending 
the tube a well above the outlet is to ensure the sand being 
drained before it is discharged from the machiiK!. 

The fineness of the separated particles and the grading can 
be regulated by altering the inclination of the tube n, the speed 



of rotation of the worm e, and the quantity of wah-r sui)i)li(’d by/. 
When several grades of sand are rcciuired, a (tori’c^spoudiug number 
of separators may be worked in series. Similai/y, wlu'n^ s(‘V('i'al 
washings are necessary th(i solid matter from oiu' nuieliiiu' may Ix' 
discharged into another, and if necessary a sca'ies of maeliiiu's may 
be used so as to secure a sufficiently pure pi’odiict. 

Machines of the Ereygang type have tlu' following advantages : 

(1) Definite mechanical control, giving dc'Hnite ri'sults in tlie 

separation or grading of the sand. 

(2) Great saving in the amount of water used. 

(3) Great range of grading, when re(|uired. 

(4) Low cost of installation. 

(5) Very little power required. An outfnit of 20 tons per hour 

requires 12 h.]j. and 40 tons (HOOO gallons) of watia-. 
Most of the water can be usc'd reiieatedly. (Small 
machines with an outqout of I ton ])er hour rivjuirii 
about 1 h.p. 
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(6) The machine is specially useful for concentrating metal- 
bearing sands. 

Instead of the drum being stationary and fitted with al'evolving 
shaft and blades, it is sometimes advantageous to use a horizontal 
rotating drum fitted with internal baffles. In the Blackett coal 
washer the baffles are in the form of a screw or worm, so that the 
heavy particles caught by the baffles travel down the worm-shaped 
channel until they escape at one end of the drum, whilst the fine 
particles are carried to the other by the water and thus separated. 

In another case, the baffles are arranged so as to lift the sand 
and deliver it on to fixed blades on a stationary shaft. The 
Telsmith washer (Eig. 95) is of this type ; its action is clearly shown 
by the illustration. Machines of the rotary driven type do not 
break up balls of clay and sand so readily as fixed drums with 
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rotating blades, hut for sands which arc easily washed tlu^y arc 
quit(5 satisfactory. 

In Rikof’s washci’ (Fig. 90) the slightly inclined drum is divided 
into several compartments through which the water and sand 
])ass in op])osite directions, tlu' sand being diseJiargc'd at tlu' low(‘r 
end of the drum on to eylindihuil screens of suitabh^ fineness 
arranged concenti'ically, the larg(!st lioksl sieve's Ix'ing inius'uiost 
and the firu'St on tlie outside of tiui se^ries. The sand on the sei'('('ns 
is also subje'cted to a fiirtlu'r eleauing by nu'ans of jets of wate'r 
[)laying on tlu' scre'cns. 9''he slurry may, if cU'sinMl, b(' earrie'd 
olT 1() a drying a])i)aratus wh(M'<e it is (Unwatered and dric'd (p. 404). 

Elutriators ane ajjpliainu's for s('[)arating small solid partieU's 
by nutans of a eurrc'nt of water flowing at such a j'atc' as to carry 
away tlue smalU'r pa.rtieles or those of lower s])('eifie gravity, wJiilst 
the large'!' or de'iiseir peii'tieU'S I'emain behind. Fhitr'iiitoi's ai'e all 
base'd on this se])iiriiting ])ower j)oss(\ssed by a enri'ent of water 
flowing iit a pi'celeten'inined rate (]>. 252), and their elifieieney 
(U'pe'nds on (i.) the' aecui'iite' regulation of tlu' I'ate at which the 
Wiitei' flows, (ii.) the absence of disturbing ('ui'rents, and (iii.) the 
supply of the mate'i'ials in a state of sus))ension, each solid particle 
being eU'finite'ly separated fi'om the others. Most of the washei-s 
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[escribed depend upon this principle, but elutriators 
n other washers in having no internal mechanism, 
implest form of elutriator is that described on p. 252, 




rcrfcH donnrU: M i.irr Cd., liroxbournc. 

Of). — Rikof’s sand washer. 

but it is too small for use with large quantiti(‘S of sand. For use 
on a largo scale, it is not sufficient merely to construed a lar'ge 
vessel of the shape shown in Fig. 18, as eddies and other disturbing 
factors would render it of little value ; moreover, it is important 
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to be able to remove the washed sand easily at regular intervals 
without interfering with the work of the elutriator. These diffi- 
culties have been overcome without sacrificing any of the essential 
principles in the separator patented by J. M. Draper of the Rhondda 
Engineering Co., Ltd., Bridgend. 

The Draper washer consists of an iron column at the lower 
end of which is a screw conveyor. Water is admitted through 
a pipe 5 (Fig. 97), near the upper part of 
the apparatus, and fills it, gradually over- 
flowing through the shoot 3. A balancing 
column of water may be attached to pipe 
7 so as to keep the pressure of the water 
constant in the apparatus. The material to 
be treated enters the apparatus through 
the hopper 2, and falls through the funnel 
18. Here it is subjected to a powerful 
washing action by the movement of the 
water, whilst the heavier particles gradually 
settle downwards and are carried away by 
the conveyor. The nature of the falling 
material may be seen through the windows’ 

22 and samples may be drawn through the 
plug 23. The valve 25 slowly rotates, and 
in so doing shuts off the connection between 
the watoi' column and the conveyor suffi- 
ciently to enable a steady separation to be 
effected, whilst at the same time it eiiablc's 
the ae, cumulated sand, etc., to j)ass away. 

Apart from bliis valv(i and the conveyor, 
the apparatus ' has no moving parts and 
requires no att(aidanc;e when at work. 

When sup])lied with a mixture of sand 
and water in which the solid jjartich's are 
completely se])arated (as by agitation in a 
Ixniter-mill or hlungcu-), tlu-. j)rap('r wa,sh(U' 
is I'cmarkahly (fificient. It dcqxmds soU'ly ou 
the rat(^ at which tlu^ water Hows through 
tlu; api)aratus and thus redmx's tlu; control 
to (;nsuring a,n am])l(; supply of wat(‘r at 
a constant luaid. It does not rcapiiix; tlu; water to lx; under gi'cuit 
prc'ssure, and when onc(; adjusted it recpni'cs no fui'tluu' att(;nti(m. 
It can lx; regulat(;d to separate particle's within v(;ry narrow limits 
of si/x; oi‘ s[)(;(!ifi(! gi'avity, or to remove all particles l(;ss than, say, 
2()0-mesh without losing any ap])reeial)h; ])ro]X)rtion of the larger 
[)artic;les. It tak(;s u]) less space than almost any other kind of 
washei', and it has the advantage that it can be arranged to give 
any desir(;d output, whether small or large;, by varying the size of 
the apparatus. It eloes neet reejuire any ])e)wer te) di'ive it, as the 
sand-emptying valve can be turned by hanel if dcsireel, though a 
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mechanical rotating device is preferable and its cost may be 
neglected if a pump is required to supply the separator with 
water. 

To be effective, the Draper washer must be of a considerable 
height — seldom less than 10 ft. — and whilst this is not serious, 
it is interesting to observe that most inventors of elutriating 
washers have avoided tall apidiances wherever possible, though 
usually without very adequate reasons. They have also endeavoured 
to design washers of large diameter instead of using a larger number 
of small diameter. This is unfortunate, as the disturbing factors 
in an elutriator are far less serious in an apparatus of small diameter 
than in a larger one. 

For these reasons, instead of emidoying a tube or pipe as in the 
types already mentioned, cones are often used as in Figs. 98 and i)9. 
Such washers are really elutriators, the sand falling to the bottom 
whilst the clay and dirt are carried away by the water passing 
upward through the cone. 

Where materials coarser than 200 -mesh are to bo washed, 
some of the impurities which are neither so ligh.t as to float away 
nor heavy enough to sink, accumulate on the sides of the cone. 
In time these accumulated particles slide down the cone, s])oiling 
the washed sand therein and necessitating a stojjpage of the process 
whilst the cone is being cleaned. This may be avoided, to some 
extent, by supplying the slurry from one side instc^ad of down 
the centre, or a block may be placed in the centre of the a])])aratus, 
as in the Delano washer, so as to send the water down th(^ ])art 
of the cone where the deposit is likely to form, and thus ])i'<wc'nt 
its deposition. The defect is, however, largely due to the. use of 
an inverted cone and so cannot be wholly avoided with vvaslu'rs 
of this shape. 

The object of making a washer of inverbal (’onical forui is to 
create a rapid flow of water at the point wh(U'(' it fii'st coiik's in 
contact with the sand, so as to separate the solid i)ariicl('s a.nd put 
them in a .state of suspemsion. As the watei- rises in the. wa.slnu’, 
the conical .shape of the latter reducc's tlu' rat(^ of How so that 
an increasing amount of settlement of the largc'r or denser particle's 
.should occur, though the rate of flow .should .still sullieiemtiy 
great to carry off the clay and ‘‘ dirt.” 

In the .simplest form of cone elutriator the' crude, sand is led 
into the upixa- part of the cone at such a distance^ Ix'Ioav ov(U‘- 
flovv as to ])rovent undue dtsturbance of th(i latte'i'. Tlu' pa.i'tieles 
of sand, etc., pa.ss downwards and are gradually .s(p)a.rated, tlu' 
smaller and lighter particles being carried upward by tlu'. (airi'c'ut, 
whilst the larger or denser particles sink to the bottom and arc^ 
withdrawn through a valve. If the crude mat('rial contain larg(' 
joieces of cementecl material (e.</. pellets or “ balls ” of sand (amienbxl 
by plastic clay) they will not be broken up, as tlu' action of tlu' 
washer is too gentle, but will sink down along with tlu' ])a]'tiel(\s 
of sand. Hence, this type of washer is useless for simh a matei'ial. 
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Numerous patents have been granted for minor variations in 
this type of washer, and they heed not be described in detail. 

The valves which control the discharge of the sand from conical 
washers are often troublesome, and many ingenious devices have 
been used to overcome this difficulty. Thus in a conical washer 
(Eig. 98) manufactured by the Allis-Ghalmers Manufacturing Co., 
Milwaukee, Wisconsin, an inverted conical sieve is placed in the 
lower part of the washer. The apertures in this sieve are too small 
to permit sand to pass through them, though they readily admit 
water under pressure from the valve in the base of the washer. 
This arrangement efficiently prevents most of the sand from enter- 
ing the valve. 

The cone washer manufactured by the Allen Cone Co., El Paso, 
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ilH. — AlliH-(.IIuilnu‘r.s ooiic washor. 


Texas, U.iS.A. (Fig. 99), is jirovidc'd in ilie ('('nti'e witli a. H()a.t whieli 
is just in a state of (aiuiliiiriiiin wlu'n tlie v\ asJu‘i' is Hlhal wilJi clear 
watc'i'. When the washer contains a larger aniount of nndc'rial in 
sus|)('nsio]i the float rises, and, in so doing, it opiais a valv(' in the 
bottom of the apparatus and causes sonu* of the sand to How out, 
thus n'dueing the (k'nsity of the li(piid and reelosing tlu' valvca 
In this way the axieumulation of sand is (‘neetuaJly prev('nted, as 
t lu' jloat risi's iinnu'diati'ly a few grains of sa,nd sin]<. to the bottom 
of the com', and, being very sensitive, it acts with great accuracy. 
The sand and wati'r passing tJirough the valvc' (>nt(‘r a chamber 
below, wIku’c it. comes into contact with a stnaim of water and is 
draavn olT by a, siphon, this being ])referred as it eaxisc's less disturb- 
ances than a valve in the bottom of the waslu'r. iSuch a device is 
more suitable' feir washing very fhu! sands than for coarser ones. In 
Amerie'a., it has been useel sueseessfully fe>]' removing clay from line 
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phosphate sands of 200-mesh grade, which are washed completely 
clean. 

The Dorr classifier (Fig. 100) consists of a very shallow cone, the 
material in which is agitated slightly by means of slowly rotating 
rakes. These do not interfere with the general washing process, 
yet they prevent the formation of deposits on the sides of the cone 
and drive the coarse material through the discharge opening into 
a water chamber, from which it is removed by means of a ladder 



t'lO. 99. — Alien cone wa.slier. 


conveyor consisting of a series of blades on a long rod, the whole 
having a to-and-fro motion. On the forwa-rd sl-i'olo', tlui scrapers 
are close to the bottom of the inclined trough eontaining tlu' sand 
and they draw the material up the machine. On tlie I'C'tiirn stroke 
the scrajiers are lifted clear of the material and a.r(' them l()W('red 
so as to draw a fresh lot of material forward. Dnihig tlu^ I'C'turu 
stroke the water and finest material tend to flow down tlie incline 
and enable a well-drained sand to be dischargc'd from the machine. 

Washers of this kind can effectively clean a sand containing 
25-50 per cent of clay at an extremely low cost, only I to 5 h.p. 
being required for outputs up to 75 tons per hour, liorr classifiers 
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are very useful for washing moderately fine sands (such as those 
used for glass manufacture) which require to be specially free from 
impurities. 



Hie Korling wa-slier is a type of imilti])lo cone washer in wliieli 
tlie sand is pa,sse(l throuah a .scries of hopjiers. The sand is ])laeed 
in the Hrst hop])('r, where it is .stirred uj) with water under a head 
of 30-40 ft. The water, with the clay and other impurities, flows 
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lip of the hopper to waste, but the sand is lifted up 
a vertical tube (by the pressure of water through an 
and is carried to the next hopper for further washing, 
.ocess is repeated as often as necessary. There are no 
v...M.xiically moving parts, and the apparatus requires no attention 
ler than to feed it and remove the washed sand from the catch 
tank in which it accumulates. 

Another general form of cone washer and classifier (of which 
several patterns exist) which has long been employed in the treat- 
ment of metalliferous sands is the Spiizkasten (Eig. 101), which 
consists of a box in the form of an inverted pyramid with its 
oblique sides at an angle of 50° and made of wood or slieet iron. 
The slurry is introduced at one side and escapes at the other, a 
baffle being placed between to prevent surface currents. In some 
patterns the slurry is introduced through a tube down the centre 



of the box, extending to within 2-3 ft. of th(' top of th(' pyramid. 
A secondary sup])ly of water ascends from tli(' bof tom of i'Ik' coiu^ 
and aids in (iarrying away the line grains of sa.nd. etc., whilst tlu' 
heavier particles sink to the bottom and art' ])ei‘iodiea.lly nmiovt'd. 

Several such ’ ! -tos may bt' used in st'rit's in ordtu’ to 

separate ])arti ■ sizes. When s('\’erai iSpit/.kasIcn art' 

used in series, the first box should Ix' 2 ft. with', if 10 tm. ft,, of tht' 
mixture of material and water (known a,s " pulp ”) or 1-2 ewt-s. 
of solid matter are to be treaterl ptu minutt'. 'Pht' bo.xt's in liu' 
series may suitably increase in gt'onu't.rieai progrt'.ssion \t’it.h a 
factor of 1 -5 ; thus if the first box is S ft. in k'ngth, t lit' st'cond ma,y 
be 12 ft., the third 20 ft., the fourth 30 ft., and so on. 

A SpitzluUe classifier (Fig. 102) consists of two invt'rlt'd tri- 
angular prisms, one inside the other, the s])a(!e Ix'twca'n tlu'in Ix'ing 
adjustable. This apparatus is used in tlu' sanu' way as tlu' Spitz- 
kasten, the sediment being withdrawn at the apc'x of tlu' outc'r 
chamber. In some cases, secondary water is suppli('(l to tlu' base 
of the apparatus so as to give an u])ward eurrc'ut which ('nsures 
the best possible classification. Both these washers may be used 
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for concentrating and classifying sands as well as for washing 
them. 

Washing with Screens. — Some sands can be effectively and 
cheaply washed by discharging them on to one or more screens in 
a thin stream, and applying a sufficiently powerful stream of water 
to carry the clay an cl small particles through the screens, whilst 
the larger particles travel along the screens and are eventually 
discharged. 

It is sometimes sufficient to mix the sand and water in a hopper 
or some fonn of preliminary mixer, the contents of which are then 
passed over fine screens which retain the sand whilst the water and 



dirt flow away. Tlu^ drawback to wucii ai) arrangcMiiciil li('s in tiu' 
tciid(ai(!y of tlic sand to act a.s a liiter and n'tain sonu' of 1 he iin- 
puritfc's suspeinh'd in the water. This obji'elion is nmeh Ic'ss wlien 
tlw iinpnri' sand and watc'r is passed in suee('ssion tlii'ougli a. 
nuinhc'r of sercMMis, friesh wat(‘r In'ing snppli('d to (‘aeh serecai if 
lua-essarv’, a-nd (iindly afl-('r separating a, II partiedes which can be 
i'('inov('d by tlu' sca’CHMis, ilu' waka’ containing the liiu'st parlieh's in 
snspc'iision is taken to a sand settler. A nuinix'r of ineliiu'd conical 
s(;r(‘(ais arra,ng(xl in s('i'i(‘s for this pnr])os{\ as shown in Fig. 103 is 
largely ns(al in Anna'ica. 

In aaiotlua- form of wash(a% rotary cylindrical seo'cns are 
arrangc'd so arS t-o Ix' pa.rlially submerged in watca-, so that the tine 
material which passc's with the water through the sieve is collected 
in tlu'. tank (iontainiiig tlu^ screen ; the coarser sand remains on the 
sieve and the dirt and clay are carried off by water to an overflow 
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pipe. In this way very thorough washing is secured and a large 
output maintained. 

In some works a series of flat vibrating screens are arranged 



Fiq. 103. — Conical washing screens. 


one above another, as in Eig. 104. The sand is supplied to the 
uppermost screen and is graded and washed by jets of water which 
drive it, according to the sizes of the particles, through each screen 
in turn. The objection to this arrangement is that the sand acts 



I'ha. lO'i. — Washing screens. 


as a filter and retains some of the dirt, wliich would bo separated if 
the sand were fully suspended in water and the dirt rejnoved by 
flowing water Avithout the use of screens. 
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Removal oe Water from Sands 

After washing, sands usually contain a considerable proportion 
of water which must be removed before they can be used. Various 
methods are employed to effect this do- watering ; they may be 
subdivided into (a) sedimentation ; (h) filtration ; (c) centrifuging ; 
and (d) evaporation or drying. 

Sedimentation is very commonly used, and is applied in various 
ways. The simplest method is to run the sand and water into large 
settling pits. After a time, the sand falls to the bottom and the 
clear water is allowed to run off through an overflow pipe, or through 
a series of openings in the side of the pit. This method has long 
been used in the purification of china clay and in other industries, 
the chief disadvantage being that it is very slow and the space 
occupied is considerable. Moreover, the removal of the sancl by 
hand labour is costly, so that more rapid methods which include 
mechanical devices are preferred. 

The settling pits may be rectangular or circular with vertical 
sides, but it is usually more convenient to use inverted cones, the 
sand being discharged through a valve at the apex of the cone. 
The mixture of sand and water is supplied to the cone either just 
over the rim or througlr a vertical pi])e in the centre of the cone. 
Both these arrangements have the disadvantage of forming “ banks ” 
on the sides of the cone unless s]3eeial precautions are talcen (see 
Cone Washers, p. 3!)4), as by providing a combination of washer 
and separator as in the cone washers ])rcviously described. In 
some cases the wot sand is tipped into a cionical ]iop])er and is 
allowed to settle. The sand is then drawn off through a valve in 
the bottom of the cone, whilst tlu^ water remains behind or is run 
off through an overflow. 

In the Boylan se[)arator the (^one is suspemh'd from th(' arm of 
a balance, the other arm being ])rovid(‘d with a counter])()ise, so 
that when a sufficient weight of material (mtea’s tlu' cume its e(|ui- 
lilu'ium is displacetl, the cone sinks, and flu'ri'by opens a valves at 
its base and so dischai'g('S soint' of the sand. Tlu' cone then rist's, 
and tli(^ ])ro(H‘ss is repeatc'd a.s oftcai a.s may b{' necessary. Jn tlui 
conicail saaul separator made by tlu' Liid< Pxdl Co., Jfiulad(‘Iphiai, 
U.S.A. (Fig. I Ob), the com^ is suspended from a syst(mi of level's 
attacdual to a valve in the a.])ex of tlu' com'. Tla^ mixtui'C' of sa-nd 
a.nd water flows into the top of thc^ com', the sand falling to llu' 
bottom mid llu^ wafc'r jiassing away by tlu' ovi'rflow pipe. Tlu'. 
wi'ight of the sand gradually causes the com' to sink, a, ml doing so 
o|)ens the valve, thus reh'asing some of th(> sand, which falls into 
a bin, restoring tlu' balance and closing tlu^ valvi'. This (h'vice is 
therefore entirely automatic, jirovided tlu^ sand is sufficiently free 
from stones, etc., not to choke the valvc'. A com' (> ft. diametc'r at 
the top will deal with 5 tons or 1000 gallons of a mixture of sand 
and water per minute. 

A counterpoise separator of a different shape is made by the 
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Smith Engineering Works, Milwaukee, U.S.A, In this machine 
(Fig. 106) the hopper and lever are both carried on knife-edge 
hearings to ensure sensitive action, and as the sand-laden tank 
moves in one chrection the valve plate at the bottom moves in the 
opposite direction, thus giving an ample discharge area and a 
reliable closure on the return movement and avoiding the tendency 
for the valve to remain open too long, which is so serious a fault 
with many counterpoised sand- separators. 

The advantage of a separator of conical or similar shape is that 
it enables a relatively small discharge valve to be used, the sloping 
sides of the cone automatically directing all the sand to the outlet. 
The disadvantage of such an arrangement is the difficulty frequently 
experienced in closing the valve promptly, especially when attempt- 
ing to produce a dry sand. For this reason, many of the American 



separators do not attempt to deliver a dry sand hut- only one (;on- 
taining as little water as will avoid valv('-(linieuHi('s. Nueli devicu's 
are really rapid drainers, and leave the sand in a salurait'd eondil ion. 

A conical sand separator must be v(‘ry (U'cq) to h(‘ elTeetivn', as 
a shallow one would allow too much water to pass v'it h tlu' saiid. 

Where a conical separator is not used, tlu^ ehief nusins ('mploy('d 
for withdrawing the sand from settling pits are: (i.) drag-belts; 
(ii.) bucket elevators; (hi.) ladder conveyors; (iv.) Areliinualean 
screws ; and (v.) rotary drainers. 

Drag-belts (Fig. 107) consist of an endless bi'lt or eha-in provided 
with scrapers which draw the sand up an indim^ at the side of 
the settling pit, but allow the greater part of tlu^ water to flow 
back into the pit. 

Bucket elevators (p. 339) are sometimes used to raise the wet 
sand from a settling pit. The buckets are usually perforated 
so as to permit most of the water to drain back into tlui pit. They 
are only useful where the colour of the sand is of no im])ortance, 
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as the metal of which they are made usually rusts and so con- 
taminates the sand. 

Ladder conveyors consist of a series of scrapers mounted on a 
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particularly good combination of washer and sand separator in 
which a screw is used is the Freygang machine (p. 390). 

Rotary drainers are comparatively novel. One of the most 
ingenious methods is used in Rikof’s washer (Fig. 96), in which the 
drainer consists of a steel cone fitted at its largo end into a wide 
flange which is in turn connected to a nearly horizontal shaft 
which is slowly rotated when in use. The cone has a number 
of metal blades forming pockets so arranged that the top edge 
of each blade is horizontal when it reaches the horizontal plane of 
the axis of the cone. This provides a truly horizontal overflow 
for the water separated from the sand. When tlu^ drainer is in 
use, as each pocket passes under the discharge from the cylinder 
it is filled with sand and water ; the sand rapidly scfitles, and' as the 
cone revolves, the water is poured off at the small cmd, leaving 
the sand very well drained. The sand then passes round and is 
discharged at the other side of the cone in a damp state. For 
effective working, the machine must bo properly adjusted and 
driven at a speed which has been found by oxjxu'iment to be the 
best for the local conditions. 

All the foregoing methods yield a wet sand. They are usefid 
in separating the sand from a relatively largei voluiiu'. of water 
and delivering it in a solid yet very wet coiiflition. They may, 
therefore, be regarded as preliminary machiiu's, and are^ o'f gn^at 
value for removing the bulk of the water ; the r(Mnaind(w must 
usually be removed by some other of tlie nuuins dese^ibed in the 
following pages. 

Filtration is sometimes employed for drying sandy materials, 
and has the advantage of producing a drica' produe.t than simple^ 
sedimentation. The filters generally us('d for sand <‘onsist^ ol' a 
sheet or bag of some porous material, such as cloth or gauzc'. u])on 
which the wet sandy malx'rial is ])our('d ; tlu' waka* pa,ss('s through 
the filter and escapes, leaving coin])arativ(ly dry sand hdiiiid. 
Various devices are used in order to imaa'ase tlu'. riib^ of (ill rat ion, 
and some filters arc ])rovid(‘d with nuains to laanovc' the dry sand 
automatically. In considca’iug theses a])])liaiic('s, it< is necc'ssary 
to remember that sand is highly abra-siviy so that, tlu' wcair anil 
tear on the filtering medium is very gnait, and a.s the lilt(a-s an' 
expensive to purchase, it is often elu'ajx'r to us(' sonu' otlu'r nu'ans 
of removing the water from the sand. Umh'r sonu' conditions, 
on the contrary, as when tlu^ sand is eonta.mina.t('d with salt, and 
the su]j])ly of washing wat(‘r is limited, or wlu'ii onl\’ hard \val('r 
is available, a filter forms the, Ix'st means of ra'inoving tlu' grt'ater 
])art of the water which cannot he s('])ara.t('d by mit.ura.1 dra.inag(^ 
or by sedimentation. 

The chief types of filp'rs us('d for sa.nd arc' : (iltc'r-prc'sses, 
rotary filters, di'aining belts, and centrifuga,l sc'parators. 

d iller -'presses consist ol a series ol stout slu'C't s of closc'ly \^\’ov('n 
cotton, the sheets being folded into the form of l)ags, w'hicli a.rc’; 
then fixed in series in a long frame. The inatei'ial to be di'ied 
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is run into the bags, which are then closed, and pressure is applied 
to the whole series by means of a screw, so as to squeeze or press 
out the water, after which the press is again opened and the “ cakes ” 
of dried material removed. A press of this kind is shown hi 
Fig. 109. Filter -presses are also made in which the mixture of 
sand and water can be pumped under pressure into the “ bags ” ; 
this is a great advantage, of which full use should be made when- 
ever possible. A pressure of 30-60 lb, per sq. in. is necessary for 
filling. 

The time taken to operate a filter - ])ross is generally about 
thirty minutes per run, the cakes produced being l|-4 in. thidc. 

Filter-presses are not used for ordinary sands, but they are 
extensively employed for removing water from fine sediments 
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such as gold slimes, etc., wliich are prochuuMl l)y iH'ducing rocks 
to the state of sand. 

Rokiry fillers do not em])loy much, if any, pn'ssur(', l)ut <ir(i 
u.sually worked by imuuis of a vac-uum |)uiii|). 'I'luw' giMU'i’afly 
consist of large', drum covu'n'd with cloth oi' oihm' (illc'riiig medium 
on to whicli the wet matcn-ial falls, d’lu' wfiler is draAVii tlii'ougli 
th(i (doth by means of a [)artial vaemum in Ida^ interior of tlu^ drum, 
whilst as the drum revoha's tlu' d('-wat('r<‘d ma.1('riaf is r('mo\'('d 
from th(( cloth by )i s(!rai)er. In some' patlcrus of rolarv lillcr, 
the cloth is then washed as tlu' drum rolal.es. and is afli'rwards 
ready for furtlu'r filtration. In a w('ll-design('d rota.i'v lilt('r tli(( 
a(!tion is, in (dloot, continuous. Several ])attcrns of rola.i'y filter 
arc available. Thus in the one shown in Fig. IK) and m'ad(^ by 
the Oliver (Jontinuous Filter Co., t)i(> hollow druni has on its ix'ri- 
l)hery a series of compartments each ind(p)endetdly connecd-c'd to 
a vacuum [)ump. The bottom of oacdi (!om parti n'ent (xmsists of 
the filtering medium. In use, the drum is rotated in a V-shajic'd 
trough containing the licpiid to be liltored, which is agitiited so 
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as to keep the solid, matter in suspension. As each compartment 
enters the liquid, a thin cake from in. thick, according to 

the nature of the material, forms on the surface of the drum. On 
leaving the trough, the water in the cake is drawn through the 
filtering medium and the de-watered cake may, if desired, be 
washed by suitably arranged jets or sprays of water. After the 
cake has been carried past the washing sprays by the further 
movement of the drum, the vacuum is cut off and compressed air 
injected so as to force the cake away from the surface of the drum 
and facilitate its removal by scrapers. The clean compartments 
again dip into the liquid in the trough and the process is re|ieated. 



Thus, each compartment produces one cake of imUerial for ('iich 
revolution, so that tlie output will de])en(I on (a) diaim'lnr 
of the drum ; (6) the number of revolutions peu' ininut(' ; and (r) tlie 
thickness of the cake produced. According to tlu* natur(^ of the 
material treated, the output varies from 2b()-2r)()() lb. pea- s(|. ft. 
per twenty-four hours. Ore slimes and floatation (H)nc(mtrales are 
usually de-watered at the rate of 500-600 lb. jx'r sep ft. jx'r twentv- 
four hours. 

Vacuuin filteis aie chiefly employed lor nu'tallilc'i’ous sands or 
slimes or for other line material for whicih ilic^ ordinarv nudhods 
of sedimentation are not sufficiently rapid, or wliicdi do not give 
a sufficiently sharp separation. 

Draining belts are sometimes used for drying sand, (‘tc. 'Tlioy 
consist of an endless belt of stout twill clotlx or similar mateihil 
mounted on rollers like a belt conveyor ([). 328). The water 
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draining through the belt is caught in a trough below and led away, 
whilst the de-watered material is removed by a scraper placed 
near one of the pulleys. These belts soon become clogged and are 
by no means satisfactory dryers. Their only recommendation is 
that they convey the material as well as drain it. AttemjDts to 
compress the material on the belt by means of rollers have not 
been generally satisfactory. 

Centrifugal drying may be employed for fine sediments, though 
it is, in most cases, too expensive except for valuable materials. 
The apparatus used is known as a centrifugal separator. It con- 
sists of a plain or perforated cylinder or basket, mounted on 
suitable supports or on a spindle, and rotated very rapidly by a 
belt and pulleys. If the basket is perforated and lined with cloth, 
felt, or other porous material, it is almost filled with the wet 
“ sand ” and the machine is then started. As the basket rotates 
with increasing rapidity, the action of centrifugal force drives 
both the water and the solid to the sides of the basket ; the water 
passes through the perforations and the solid matter is retained 
by the filtering medium. If the speed of rotation is sufficiently 
high, a very well-drained material is formed. 

If the basket is a plain one, it is made to rotate before adding 
any wet sand, and the latter is fed into the revolving basket at a 
steady rate. The “ sand ” flies to the walls of the basket more 
readily than the water and adheres thereto, whilst the water forms 
a hollow cone near the interior. If one or more small holes exist 
in the bottom of the basket, the clear water will pass out through 
these until the machine has been filled with de-watcred sand. 
Any further quantity of wet sand then added will jiass unchanged 
through the machine. 

Various modifications of these two types of centrifuge are 
available, including one containing a filtering cone covering the 
holes for the exit of the water near the cditn^ of the drum, so as 
to retain even the finest particles. If a mixture' of a matt'rial 
consisting of grains of various sizes with a hirgc'i' proportion of 
water is passed through a tall centrifugal drum, tlu' solid matter 
is separat(Ml acciording to the size' of its ])arti(!les. In this way 
an c'lfieh'nt grading of tine, sands c^an be satisfacitorily ('ITectc'd in 
a suitable^ centrifugal machine. 

It will be seen that the o})eration of a (amtrifugal imuhime 
is v('ry simple. The amount of matt'rial forming a. chargt' and 
corrt'ct rate at which tint machine is to bt' mn art' t'asily asct'rtiiinetl 
aftt'.r a few trials, anti there is little to gt't out- t)f t)rilt'r. Tht^ ttnt^ 
tlrawbatdc tt) the use t)f porforatetl baskets is that the solitl matt'rial 
is liable to form a very compact mass thrt)ugh whith the water 
travels with difficulty, and if the speed t)f the matiunt' is increasetl, 
the tlensity t)f the solitl material is cttrrt'spttndingly increasetl. 
As a matter of fact, the ust^ t)f baskets with iterforatetl walls is the 
reverse of what should be employed, and the itleal arrangement 
is out' in which the walls of the ba,skt't are quitt' j)la.in, wdiilst the 
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outlet is near the centre of the basket. If this outlet is covered 
by a filter, the latter will have very little work to do as the bulk 
of the solid matter will adhere to the walls of the basket and only 
water which is almost clear will come in contact with the central 
filter. This arrangement has been patented by W. J. Gee, and is 
used in some of the filters supplied by Centrifugal Scj)arators, Ltd. 

Evaporation or Drying by Heat. — The drying of Stands by 
evaporation is accomplished by applying heat to the wet material 
by means of (i.) a hot floor, drying pan, rotary dryer, or similar 
heating device ; or (ii.) by passing hot air over the material. 
Occasionally both these methods arc combined. 

A hot floor consists of a shed or other building having a floor 
of bricks, concrete, or metal plates under which are numerous 
flues conveying either hot gases from a fire or steam from a boiler 
from one side or end of the floor to the other. By this means 
the floor becomes hot and any wet material ])laced upon it is dried 
by evaporation. Hot gases from a coal or coke fire are generally 
employed for such purposes, as steam heating is much slower, and 
there is, in most cases, no object in drying very slowly. Such 
floors are used for drying calcined quartz, ground ])ho8])hates, 
the concentrates obtained in recovering metals from sands, foundry 
sands, and similar “ sands ” which are not damaged by a slight 
overheating. 

The materials, if sufficiently fluid, may be discharged thr(nigh 
pipes on to the hot floors and removed by rakes when dried . Less 
fluid materials may be tipped on to the floor and distributed by 
means of rakes. 

Drying yans are sometimes employed for sands. Tlu^y are 
similar in prmciple to drying floors, but ar(! on a much smaller 
scale. The pan may be of any conveniemt size a, ml shapes providtal 
it is not too deep. It may be heated by a lii‘(^ or by hot- gases, or 
even by steam passed beneath it, but if the healing medium is at 
a temperature much above 150° G. th(> ])an slioiild l)C‘ lili.c'd with a 
mechanical stirrer so as to ])revent the sand from laing scniously 
overheated. Such pans are seldom eeonomiea], and ai'(' list'd ehii'fly 
on account of the rajiidity with which tlu^y can dry modi'rate 
quantities of sand, without much regard for tiu' cost, of tiu' lu'a-t 
used, or the labour enqiloyed. When large (|ua,nf itii's of sa.nd a,r(i 
to be dried regularly, [lans are better replaci'd hy some other more 
economical type of dryer. 

Drying troughs, heated externally, may be ri^garded as pans of 
special shape. The .sand is agitated and gradually eonvi'yed from 
one end of the trough to the other by means of a,n Arehinu'di'an 
screw, or preferably by a shaft carrying a seu'ies of inclined blades. 
The open trough allows a large amount of heat to escape and is 
preferably replaced by a cylinder (see later). 

Tower dryers are tall structures wJiieh reecavi^ the wet material 
at the top and dry it as it passes .slowly by gravity to the bottom. 
One of the simplest forms of this type of dryer consists of a tall 
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wooden tower on two opposite sides of which are a series of steeply 
sloping platforms which act as “ baffles.” The wet sand falls on 
each of these baffles in turn, and in so doing it meets an upward 
current of hot gases from a furnace or other source of heat below. 
The tower must be so high and the baffles so numerous that the 
sand is dry before it reaches the bottom of the tower. 

A much more rapid drying can bo effected in a much smaller 
structure consisting of a series of iron pans or trays mounted one 
above another. The sand is fed into the uppermost pan, is carried 
slowly round it by means of a revolving scraper, and falls through 
an opening into the pan 
below whore it is similarly 
treated, and, eventually 
reaches the bottom of the 
series. The heat may be 
supplied in the form of 
hot gases, or still better, 
each pan may be heated 
by a separate gas-burner 
which ensures a much 
better application of heat 
to the sand, and with 
care does not cause any 
overheating. Such a 
dryer, made by Hardy & 

Padmoro, Ltd. , Worcester , 
and shown in Fig. Ill, is 
vc'.ry suital)le for drying 
sands for use in glass 
manufacture and in 
foundries. 

A tower dryer usc'd in 
America for sand - blast 

material consists of a seric's iiunin a- I'mimoir, Ltd., ]Vor(r«U'r. 
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of tiers of pi])es through 111. — Tower dryer, 

whitdi steam is passes! at 

a i)ressure of about 90 lb. ]xn* s([. iu. The: wet sand is diseliarged 
from a bucket elevator on to the u])permost tier ; being damp and 
(ioliei'cnt, it I'emaius thc're until it dries, afteu' which it lulls oil to 
('aeh lowc'i' tier in succession until, wlum eompletcdy dry, it falls 
on to a licit eonve'yor which carries it to tlu' storage bins. 

JDri/hitj vylinders are very economical wherei a largo amount of 
sand is t-o be dried. They consist essentially of a cylinder which 
may be vu'rtieal, horizontal or inclined, and either stationary, but 
fitted with revolving arms, or the cylinder itself may revolve slowly. 

A Lcrtical dryimj cylinder is really a sjK'cial form of tower dryer 
(p. 408) and is eoiistrueted in a similar manner. The cylinder is 
usually stationary, but contains a series of trays above which are re- 
volving arms, the arrangemetit being very similar to that in Fig. 111. 


410 


DRYING SAND BY HEAT 


A fixed horizontal cylinder dryer must be lorovided with a series 
of revolving blades mounted on a central shaft, the blades being 
inclined so as to stir the material and carry it gradually through 
the cylinder. The latter is usually heated externally. If the 
cylinder rotates it must be provided internally with a series of 
baffles which impart a gradual forward movement to the material, 
and also lift it repeatedly and allow it to fall through the hot gases 
which pass through the cylinder. This typo of dryer may be heated 
internally, or both internally and externally ; it is greatly improved 
by being slightly inclined. 

Inclined drying cylinders may be of either the fixed or revolving 
type, though the latter are preferable and more generally used. 
They have the advantage over the horizontal cylinders of requiring 
less power to drive them, and of being more compact and less 
expensive than some of the vertical ones, though a true comparison 
can only be made with reference to a particular sand dried to suit 
a given purpose. Inclined drying cylinders are usually heated 
both internally and externally, though those heated (uther internally 
or externally are in use and are quite satisfacitory. The sand to 
be dried enters at the upper end of the cylinder and ])asses slowly 
along it, being raised and allowed to fall many times on its journey, 
until it passes out, fully dried, at the lower end. (iare is required, 
especially with externally heated dryers, to avoid overheatiiig ; 
this is less likely to occur with mternally heated dryei's, though its 
possibility should not be overlooked. 

One of the simplest forms of drying ciylindcu’s cionsists of an 
inclined cylinder rotating on the outside by gt'aring and heatc'd by 
gases from a furnace at one end, which pass along tlu^ cylinder' and 
are drawn off by a fan or chimney at the oilier (^nd. Tlu* sand is 
introduced by means of a hopper at tlu^ (aid of tlu; (iylinder farili(\st 
from the furnace, and is carried by the rotary motion of tlu' tub(( 
to the other end, where it falls into a rcsauvc'r. Ifi-oji'ctions or 
baffles are fitted to the lining of tlu^ (iylimh'r so as to brt'uk 
up the sand, lift it up repeatedly, and naider tlu^ di'ying more 
effective. 

A more coiiqdicatcd dryer is the Ruggles-Coh's dryi'r shown in 
Fig. 112. It consists of two concentric slcsd eylindc'rs enpa-bh' of 
revolving about their slightly imdined common a’.xis. TIu' c.yliiuh'rs 
are connected at the middle by means of (aist-iron arms, and at 
each end by means of ailjustable arms. Tlu^ inma' cylimha' pi'ojiaits 
beyond the outer at the upper end, and ])ass(‘s into a stalionary air 
chamber which is connected to the hot-air fliu' of tiie furnace'. The 
lower end of the cylinder is also coniU'ehed by means of an opi'iiing 
in the bottom to a second stationary air cliamhe'r, wlii(di is provided 
with a damper in order to regulate tlu^ te'inpia'ature. The hot 
gases are drawn by means of an exhaust fan through th(> inner 
cylinder, and then back through the annular spaea^ between tlu' two 
cylinders, and finally brought through the Hue leading to tlu^ fan. 
The saml is fed through a shoot into the sjiaiic betwi'('n th(> two 
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cylinders, and as the dryer revolves the sand is lifted by means of 
scoops attached to the inner surface of the outer cylinder and the 
outer surface of the inner cylinder, and falls from the surface of one 
cylinder to that of the other, this process being repeated as the 
sand travels to the lower end of the dryer, where it is discharged in 



Tioving Eitgincrrimj Workx, Ltd., London. 
Fig. 112. — Ruggles-Coles dryer 

a dry state. This type of dryer has been largely used for drying 
sand for glass and chemical manufacture. 

The rotary dryer made by Manlove, Alliot & Co., Ltd. (Fig. 
113), differs from that just described, inasmuch as the gases lirst 
pass around the innc'r cylinder containing the sand to be dried 
and then through the cylinder to a fan diseliarging into a short 
(liimney. 

In the rotary dryer made by Ord & Maddison, Ltd., Darlington, 




MiiiiliiiY, Alliot (t Co., Lid., Notlinghain. 
Fuj. 111}. — Mfiiilove-Alliol rulury dryer. 

the cylinder is sus])endcd by endless steel chains from a shaft above 
and is driven by the frictional contact of the chains with the cylinder. 
The cylinder is ])rovidcd with the usual scu) 0 ])s to lift the sand and 
carry it forward and is lu'atcd externally, and also by a blast of air 
froin numerous perforations in a long pipe which passes longi- 
tudinally through the cylinder. The blast of air is particularly 
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useful for expelling tlie steam and for preventing condensation, but 
unless a catcher or trap is provided, much of the finest sand will 
be lost if a powerful blast of air is used. The dryer has been used 
very satisfactorily for drying sandstone previous to grinding it, as 
such treatment reduces the cost of grinding. 

A good rotary dryer is somewhat costly to instal, but if well 
designed and sufficiently long to utilise the heat properly, it will 
soon pay for itself in cases where there is a sufficient quantity of 
sand to keep it fuUy employed. 

In order to obtain the best results from a rotary dryer, which is 
probably the most efficient type available for largo outputs, it is 
most important to take the following precautions : (a) The sand 
must not be overheated if it is to be used for foundry work, or for 
other purposes where a moderate degree of plasticity is required. 
(6) The temperature of the gases leaving the dryers should not be 
hotter than is necessary, or much waste of heat will result, (c) If 
the dryer is not heated externally it should be well lagged with 
good insulating material, or much heat will be lost, {d) A fan is 
preferable to a chimney for creating the necessary draught, as the 
latter ean be much more accurately regulated with a fan. (e) The 
sand must be brought into the most intimate contact possible with 
the hot air, in order to ensure that the air is being used with the 
greatest economy ; tliis is effected by suitably designed baffles or 
scoops and by keeping the cylinder as horizontal as ])ossiblc, con- 
sistent with a sufficient forward movement of the material. (/) 
The material should be suppHed to the dryer in small quantities at 
very frequent intervals, rather than in larger amounts at longer 
intervals, (g) The dryer must be large enough and long enough to 
do its work properly ; short dryers are seldom efficient so far as 
fuel consumption is concerned, (h) The fuel must be fully burned, 
as partially burned gases involve a serious wastes of fuel. 

By taking sufficient care to observe these prcHiautions, the 
maximum output may bo obtained with a minimum (oxjxaiditure of 
fuel and labour. 

Sundry Dryers . — Various appliances may be used for drying 
small quantities of sand, especially where tlierc^ is litth^ i-isk of 
damaging it by overheating. Thus, in some works, the sand is hd'f, 
in any convenient warm ])lace until it is dry. 

A simple device, much used in American foundihvs, brickya,rd,s, 
and glass-works, consists of a small coke stove surmounted by an 
iron cone from the top of which projects a short chimney, tlui total 
height being about 3 ft. Around the cone and (binnu'y is a, (^ylindc'r 
of perforated steel, 3 ft. in diameter. The wet sand is phuaxl in 
the cylinder and is stirred occasionally with a long poker. As it 
dries, the sand separates into individual grains, and thc'so ])ass 
through the j^-in. perforations in the cylinder and atvmmulato in a 
tray around the base of the furnace, from which it may be removed 
with a scoop. This dryei' is not economical in fuel, but for dr_ying 
a few hundred pounds of sand it is by no means extravagant, and 



EFFECT OF OVERHEATING 413 

it is so simple to use and so strongly built as to do its work with 
little trouble or attention. 

Effects of Overheating in Drying. — For many purposes the 
temperature attained by sand during the drying process is of nO 
importance, but for foundry work, and less frequently for some 
other purposes, care must be taken to avoid an excessive tempera- 
ture. This is chiefly due to the fact that some materials known as 
“ sands ” are in reality mixtures of sand and clay, and for their 
effective use the plasticity of the clay present must not be destroyed. 
As such destruction is readily effected by heating to a temperature 
much exceeding 120° G. (250° F.) the dryers used for such “ sands ” 
must not expose the sands to a higher temperature than that just 
mentioned. 

Since any temperature below a red heat is not likely to damage 
a sand which is free from clay {e.g. most washed sands), it is usually 
more economical as well as more speedy to work the dryer at a 
relatively high temperature, as a smaller quantity of air or hot 
gases will then suffice to carry off the moisture in the sand. 


CONCENTRATION BY WATER 

Concentration forms ])art of the treatment of metalliferous 
sands, and consists in the removal of the siliceous material from 
the heavy minerals ]n‘esent. Some of the ])rocesst'S are similar 
in many rcs])ects to “ washing ” (]). 384), though the yu'esence 
of the heavier particles rendei's some modification necessary. In 
many (lases, a ])reliminary washing is desirable to noiiove llu^ day 
and “ dirt ” adhering to tln^ sand ; this washing is effected in the 
sa)m^ maimer as for ordinary sands (p. 384). 

Tlu^ prindiial waslu'rs used are sluices (]u 38(5), log washers 
(]). 38(1), mud-wlu'ds (p. 38()), wash mills (p. 388), and rotary 
washers (p. 38!)). 

In washing, tlu' lighti'r and smaller partiek's ar(^ ixunovcal hy 
tlu^ wal(‘r, but in eonei'iitrating, the particles of higlu'r sp(‘dfi<‘ 
gravity ur(' ri'tained wJiilst those' of low'er specilie gravity ai'c^ 
eari'ii'd off. In washing, sc'paration is largely basc'd on tlu' si/.i; 
of 1.h(' particle's, but in eeme'C'iitrating, tlu'ir s])ecilic gravity is the' 
important fae'tor. 

Panning, -ddu' simjilest metheiel eif e'eme'e'utra-ting nu'tallifc'rous 
sa.nels, siu'h as theise e'ontaining gold, e-emsists in panning as elese'r'ibeel 
on p. 2r)(). The pans usually enqiloye'el are' a-bemt 18 in. aereiss 
the te)]) anel 1();4 in. at the beitteun, and Imlel about 20 lb. of matt'rial. 
A man will work 75-150 ])anfuls eir .1-1 eai. yel. eif materiaJ pe'r 
day ; 100 jianfids or 18 eai. ft. is a goexl elay’s weirk. This nu'thoel 
is, of course, sleiw anel is only useel feir ju'eispe'e'ting, uu'e'hanie'al 
ayiyffiances being used for washing the material een a large scale. 

Buddies. — A very old method cemsists in using a huddle, which 
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may be either rectangular or circular. A box-budclle (Fig. 114) 
consists of a rectangular trough 10-15 ft. long, 4-G ft. wide, and 
1 ft. 6 in.-2 ft. 6 in. deep, inclined at an angle of 4-10 degrees. At 
the top is a head-board 15-20 in. wide, inclined at an angle of 
15-20 degrees, and fitted with projecting pins to distribute the 
slurry over the surface of the huddle. The material to be treated 
is mixed with water and allowed to flow down the huddle ; during 
its passage it is agitated by labourers with long rakes, the heavy 
minerals collecting at the top of the incline and the lighter ones 
at the bottom. Rectangular buddies are similar to sluices, but 
are much wider. 

A circular huddle (Fig. 115) consists of a shallow circular pit. 




with a raised centre, having a depre.ssion or eii|) in tlu' middle'. 
The floor of the pit slopes away gradually at an inclination of 
8-10 degrees, and is surroundetl by a gutter or lauinh'i'. ddie sand 
and water is poured into the cup in the (^('nti'e of tlue huddle and 
gradually overflows down the sloping bottom of tla^ pit. y\ 
number of brushes sus])ended over the buddlc', rt'volving al^ 
10-12 revs. ]:)er min., sjwead out the material as it ove'rllows, and 
prevent the particles from settling too rai)idly. Tti this way llu' 
heavy 23articles settle near the U])])er end of the slop(', whilst tlu^ 
lighter grains of quartz, etc., are carried to the bottom and (a)ll('eted 
in the gutter, from which they are removed at int('rvals. Tiu^ 
operation is continued until about 9-12 in. tliic^kness of mat('ria,l 
has collected on the table. The material is tluui sc'pa, rated by 
drawing concentric rings and digging out tlie material b(flv('('n 
each ring separately. If the sand is deposited too ra 2 )idly at tlie 
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upper end of the table the slurry should be supplied to the table 
in a thinner slip, or should be supplied more quickly. If, however, 
it collects too quicldy at the lower end of the table, the slurry may 
be too thin or is being supplied at too great a rate. A round 
huddle 18-25 ft. in diameter, the arms of which make 6-10 revs, 
per min., will have an average output of l|-3 cu. ft. per min., will 
carry 28-56 lb. of material, and will require three to ten hours for 
each batch of material. 

Some circular buddies are concave instead of being convex 



and cause the lieavy minerals to eolleet at lh(' eireuinfc'nmec', 
whilst the lighter grains pass to the centre. Such buddies are 
useful for treating materials from which the greater part of llu' 
ganguc' htis becm removed by ])artiall\' concentrating them in a 
convex huddle. 

Sluicing is a very sim])lo method of concentration. A sluice 
is a wooden or iron trough, about 12 ft. long and 12-24 in. wide, 
fixed at an inclination depending on the character of the material, 
but usually between 11 in. and 21 in. i)er 12 ft. The slurry, com- 
posed of sand and water, is fed in at the u])per end of the trough 
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and flows down the incline, the heavy particles settling at the top 
and the lighter ones being carried to the lower end of the trough. 
Eor treating sand of 30-40 mesh a sluice box about 2 ft. wide, 
with an inclination of 1|- in. in 12 ft., is usually satisfactory, but 
a sand of about 4-6 mesh requires a slope of about 3 in. in 12 ft. 
Some rough measurements have sho.wn that the output varies 
as the 1’75 power of the slope. 

It is customary to make the sluice boxes 1 ft. wide for each 
2 cu. yds. of material treated per hour, and to supply 3000 gall, 
of water per cu. yd. of material, when the slope of the sluice box 
is 6 in. in 12 ft. The output varies so greatly that no reliable 
figure can be given, though it is customary to state that a long tom 
or short sluice can deal with 3-10 cu. yds. of material yjor day. 

Sloping Table Concentrators are of various jiatterns. One type, 
termed the sweeping table, consists of a table 12 ft. long and 4 ft. 
wide, inclined at an angle of 10-12 degrees for coarse sand and 
5-6 degrees for fine sand. The slurry is allowed to run down the 
table for four minutes, and the residue is washed by passing water 
over the table for two minutes, after which the concentrate is 
removed. Such tables have a capacity of 4-30 cwts. per twenty- 
four hours. In some cases the tables arc covered with a blanket 
or sheet of canvas on which the concentrated material is collected . 

The cradle or rocker t3rpe of concentrator consists of a box with 
a worldng surface about 40 in. long by 16 in. widc’i, the depth 
varying from 12 in. at one end to zero at the other. Ae.ross the 
box or table are riffles or baffles about f in. high. Tlie material 
to be concentrated is introduced into the deep end of the box and 
a stream of water is poured over it, whilst the box is given a I'octking 
motion from side to side. The particles are (iarried along i)y tlu'. 
water, the heavier ones being caught by tlie riflk^s, whilst iln^ 
lighter particles are washed away. With a good roclas' a,nd suil,a,l)I(^ 
material 2-3 cu, yds. of material can be treated [)er day and about 
90 jeer cent of the heavy particles retained. 

Rockers are largely used in connection with placer or alluvial 
gravels and sands containing gold. For this purpose' it should 
be longer than the ordinary mining rocker and indiiK'd h'ss ste('i)ly. 
A strip of Brussels carjmt fixed on the floor of iJie roc^kei' ('tiahles 
the fine gold to be retained more easily. 

The percussion table concentrator consists of a shallow, suspended 
trough, 9-12 ft. long and 4-5 ft. wide, inclined at 5-S in. iK'r (5 ft. 
for fah-ly coarse sand ami 2-3 in. for very fine silly ina1-('rials. By 
means of a crank the table is moved forward .1-4 in. and is thi'ii 
allowed to fall back against a sto]), this motfon b('ing r('])('ated 
twelve to eighty times ]}cr minute, thus causing the lunivy partiedes 
to be concentrated at one end of the table, from which they may 
be removed when a sufficient quantity is dei)osit('d. 

A modification of this method of washing metallHerous sands, 
called tossing or tozing, con.si.sts in stirring thc^ j)artially purified 
material with water in a tub about 30 in. deep, 48 in.' diameter 
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at the top and 42 in. at the bottom, and then allowing it to settle, 
whilst one or more hammers deliver eighty to one hundred and 
fifty blows per minute on the outside of the tub. After the whole 
of the heavy materials have settled, the supernatant liquid is poured 
off, the upper layers of material being discarded, as they consist 
almost entirely of light minerals, the heavy minerals having settled 
first. . The process may be repeated as often as it is necessary 
for the purification of the sand. This type of concentration is 
chiefly used in separating tin from crushed rock or from tin-bearing 
sands. 

The devices described above are all intermittent, and they must 
be stopped at intervals in order to remove the material collected. 
Where a large output is required it is preferable to employ a con- 
tinuously acting separator, as this secures a greater output in the 
same time without impairing the quality of the separation. 

Revolving buddies are similar to the fixed buddies already 
described, except that the table rotates and the slurry is only 
supplied to about half the table, the remaining section being used 
for wash water. The tailings flow down one-half of the table, 
the ” middlings ” flow over the next third, and the “ headings ” 
are cleared off by fixed brushes or jets of water just before each 
revolution of the table is completed. Each portion so removed 
passes into its own division of the outside receiver. Buddies of 
this kind are rotated in one to five minutes. A buddle 10-16 ft. in 
diameter will deal with 6-8 tons of sand in twenty-four hours, 
and requires about 15 cu. ft. of water per min. When treating 
very fine material only about 8 cu. ft. of water per min. arc required, 
and the output is 2 -8-3 -6 tons per day. Concave buddies are 
somotiinos ein]floyed, the slurry being su])plied over nl)out one 
quarter of the circumference. 

A revolving buddle 15-25 ft. diameter, wit]i the arms making 
^-1 rev. per min., will deal with 1^-3 cwt. of “ pnl]) ” ])er min., 
carrying 4-7 lb. of solid matter per cu. ft. of pulp. The power 
required to o])erate such a buddle is 1.-1 1 h.p. 

Ride - percussion tables are inclined tables similar to those 
previously described, either with or without rilflc's, and sloping 
at an angl(^ of about 6 degrees for sand and 3 degrcM's for Hue slime. 
Tli(^ matmial is supplied to the tabh^ at one corner, whilst tlu' wash 
water flows down the rest of the table. In the Hittingt'r apparatus 
the table is struck at the side by means of a cam motion about 
70-80 times per min., the table being moved about 2|- in. at eac.h 
blow when used for sand or |-1 in. when used for slime ; the 
knocking ciauses the material to be spread across the table according 
to its s])ocifl(! gravity, and it is then carried down tlu' table by the 
wash water, being guided by baffles into different rectflvers. In 
the Liihrig table (Fig. 116) a greater number of smaller knocks 
are given, usually about 150-210 per min., the movement being 
J-Lj in. A belt 'is fitted over the inclined frame, moving at right 
angles to the direction of the water, the slurry being supplied to 
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one end of the belt and wash-water to the rest. A Ltihrig con- 
centrator with a belt surface 12 ft. by 3 ft. 6 in., travelling at the 
rate of 8-12 ft. per min. and struck at 160-180 blows per min., has 
an output of 2-8 tons per twenty-four hours. It requires h.p. 
to operate it. 

The Wilfiey table (Eig. 117) consists of a rectangular table tilted 
so that the material flows diagonally across it, the sand and water 
being poured on to it at one corner. The upper surface is covered 
with linoleum, on which strips of wood are nailed so as to form 
riffles or baffles designed to aid in separating the grains of heavy 



Fig. IK). — Liihrig table {Kcuttiim and plan). 


minerals. Near the corner, where the slui-ry is hul on to ilu', table', 
the riffles are short, whilst on the op])osite side tlu'y stixdnh nearly 
to the lower end of the table. The riffles ai'e about ^ in. (I('('|) 
at their ujiper ends and taper to nothing at tlu'ir lowca- ('tids. d'he 
table is struck at the rate of 24 strokes of {j-l in. ])('r min. ; lliis 
causes the various minerals present in the sand to arrange tln'in- 
selves during their passage across the table aeciording to tlndr 
specific gravities. This separator is chiefly suitable for i)artieles 
between 16- and 30-mesh. The usual output is about 1-2 tons Y)er 
hour, for a table 16 ft. long, 6 ft. wide, taYiering to 3 ft., with about 
240 strokes each | in. long per min. About 1 h.p. is required 
to operate it. 
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Grooves are used instead of riffles in the table of the Card 
Concentrator, it being claimed that they are more advantageous 
for rough concentration. 

The chief difficulty -with these tables is that small particles of 
high specific gravity tend to act in the same way as larger particles 
of low specific gravity, so that some of the material is lost, especially 
as in many sands the high specific gravity particles are usually 
smaller than those of lower specific gravity. This may be largely 
avoided by screening the particles so as to ensure all those on the 
table at any one time being sufficiently uniform in size. 

In Brazil, monazite sand is first treated by the wet process and 
afterwards magnetically concentrated. 

Tin and tungsten placers are often treated on tables of the 
Wilfley type. 

In some percussion tables, the blows are applied to the lower 



end of th('. table in.stead of the side, so as to drive the material 
upward, wliilst the descending waku- washes the tinea' grains away. 
In such tables the heavy particles gradually mount upv\'ai'd and 
are discharged over the top of the table. This ty])(' of table is 
suitable for material between 40- and 80-in(‘sh. Tlu' ()!il])in County 
Concentrator is of this class, and is about 7 ft. long and 18 in. wide, 
the lower 5.V ft. being flat and sloping about in. per ft., whilst the 
up]xu' part is concave so as to receive tlu^ eoncemtrated matt'rial. 
This table receives 120-180 shocks per min., the' amount of move- 
ment being l|-3 in. 

Vanners consist of endless belts which .slo^ie slightly, the mat('rial 
travelling upwards, whilst the water flows downwards and carries 
away the lighter particles. The belt may be pulsated either by 
end or side percussion. 

The Erne vanner (Fig. 118) is a side-percussion concentrator, 
about 4 ft. wide and 12-27 ft. long, with a slope of in. })er ft. 
It moves at the rate of 2-7 ft. per min. and i.s- struck 180-200 times 
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per min., with a movement of 1 in. This machine only requires 
l-f h.p. to drive it, and is capable of separating 5-10 tons of material 
per twenty -four hours, using 1-3 gallons of water per min. 

Jigs may be used for particles over -.jV in. Very fine grains 
are not readily separated by Jigs on account of the excessive amount 
of friction between the grains and their tendency to form compact 
masses, which only break up with difficulty. For this reason, fine 
grains are best treated in some other form of concentrator. 

It is preferable for the material to bo graded or sized to some 



ri 
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Eici. 118 . — Frue vanner (section and plan). 

extent before it enters the jig, as the latter .sc'paratn.s the griiins 
according to their specific gravities, and if grains of nunu^rou.s size's 
are present, large particles of low si)e(d(ie gravity may a-cd, in tlu^ 
same way as small particles of high si)eeili(! gravity' and only a 
jDoor separation will be effected. 

A jig comsists of a screen of brass wire or ix'rfoi-atc'd s(('('l plate,' 
upon which the material to be treated is placed so as to be subjecdx'd 
to alternate ascending and descending curnmts of wat('r, which arci 
produced either by a piston which forces the watc'r to ris(^ and fall 

^ Steel should not be used when aulj)hido.s are pre.soni,, as any oxidation 
of the latter with the formation of sulphuric acid would do.stroy the .steed. 
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through the sieve (Fig. 120), or hy reciprocating the sieve vertically 
in a chamber containing water (Fig. 119). Wh'ere the sieve moves, 
the amount of movement varies from | in. for a fine material to 
3 in. for a coarse one, and the number of movements per minute 
varies from 150 for fine to 100 for coarser particles. Movable 
sieves are generally used in jigs worked by hand, but the more 
modern power jigs are usually fitted with stationary sieves, the 
material being agitated by the motion of the water. For such jigs 
the size of the sieve is suited to the output required, and is generally 



2-4 ft. long and 1-3 ft. wi(h', and is inountcd 12-18 in. below llie to]) 
of the hutch. The de]fih of solid niat(M-ial on tlu' siev(‘S of a jig 
concentrator is usually about 4 in. VVh(W(“ very line' ina,t(‘rial is 
being treated in a jig, a bed of material having about tlu' same 
specilie gravity as the tine material is necessary to ])i'(^v('nt tlu' line 
material from falling to the bottom of tlu' jig and being lost ; for 
coarse particles this is not essential. 

The piston for agitating the water is usually placed in a clnimber 
alongside the jig Avith a baffle wall 7-12 in. d(‘e]) between. The 
piston should not fit tightly, but should have ).-i in. eh*aranee all 
round. The oscillations may be perfectly regular, or therc^ may be 
a rapid downstroko and a slow upstroke, as in the Collom jig. In 
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the Baum jig the pulsations are caused by compressed air at a 



pressure of li-2 lb. ])or sq. in., which produces 75-110 strokes i)er 
min. This jig is particularly suitabk', for grains smaller than 


Fig. 120. — Jig concentrator (longitudinal and cross sections). 
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•yV in. diameter. In this jig a specially thick layer of material is 
kept on the sieve. 

The water chamber or “ hutch ” containing the sieve may be of 
wood, wrought-iron sheets, or of cast iron, the first being cheap but 
liable to decay, and the last rather heavy, Icut otherwise satisfactory. 
The shape of the hutch varies ; a pyramidal or tapering hutch is 
very convenient, as it brings the deposited material to one point, 
from which it can readily be removed periodically. This form of 
hutch is used in the Bilharz and various Other jigs. 

The action of a jig is as follows : When the particles are sub- 
jected to the ascending and descending currents of water, they 
arrange themselves according to their specific gravities and form a 
series of beds with the lighter materials above, and the heavier ones 
below. In this way the heavy metalliferous grains are separated 
from the lighter siliceous material. The removal of the separated 
grains may be effected in two ways — [a) the light grains may flow 
over a “ gate ” in the side of the chamber, whilst the heavy grains 
collect on the sieve or pass across the sieve and are removed "through 
a second aperture at a lower level than the tailings gate ; or (b) the 
heavy grains may pass through the sieve and be collected in the 
water chamber, whilst the lighter grains or tailings are removed 
over a gate above the sieve as before. 

The effectiveness of a jig depends on (a) the c|uantity of the 
material to be treated at a time, its density and the size of the grains, 
as well as the ratio between the diameters of the largest and smallest 
particles ; {h) the supply of water and its relation to the amount of 
pulp treated ; (e) tlu^ rate of oscillation of the water or the amplitude 
of osctillation ; (r/) the speed of the upward and downward currents ; 
and (c) whether the jigging is through the sieve or over it, and, in 
the former case, the nature of the bed, its (le))tli, and the size of the 
j)arti(des com])osing it. 

Table LXXIL, due to T. Hopwith,' gives tlu' paiiieulars of tlu' 
jigs used for grains of various sizes, tlu'i jigging being effeetc'd orvr 
the si(‘V{>. 

Tahli'; LXXJI. -Data roii 


Dianu'lci' of I’arUclcs. 

( )si illaU()ii per 

(if Oscillation. 

tjiiaiitity trcatnl 
luT ill hi-. 

()--l -()-2S 

!)() 

ins, 

•> 1 
-1 

iwl. 

244 

()-2S-()-2 

K() 

o 

220 

()'2 -O-l 

84 

hi 

1 12 

O-l -()-0() 

82 

1 

71 


The amount of material dealt with in a jig concentrator de])ends 
on the area and especially on the width of the siev(\ Outputs from 


^ Froc. hiNt. ('lion. E)i(/. xxx. 10(). 


TO WASTE 


424 CONCENTRATION OE HEAVY MINERALS 
0T5-9-6 tons per sq. ft. per twenty-four hours may be obtained, 


CRUDE ORE OR SAND 



Fio. 121. — Oro table, 


0-5-2 tons being the average. About is n-quired for a 

one-sieve jig, and an extra | h.p. will usually be needed for each 


To smelting works PLANT (MiNERAL WITH 80^ COPP£fl) 
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additional sieve. The amount of water used varies considerably, a 
three-sieve jig requiring about 34,000 gallons per twenty-four hours. 

If desired, jigs may be worked in series, the material from one 
jig being discharged into a second or third so as to secure a more 
effective separation. 

The^ arrangement of the various machines required for con- 
centrating a sand or crushed rock containing only a small proportion 
of valuable mineral is shown in Fig. 121, which represents those 
used for dealing with an ore containing only 2 per cent of copper. 


CONCENTRATION BY FLOATATION ^ 

Concentration by floatation is based on the fact that many 
substances when in the form of powder will float on water, although 
they have a higher specific gravity than water. Nor is it necessary 
that the solid particles should be coated with a film of grease ; 
though such a film will usually increase the floatability. 

The various floatation processes may be subdivided as follows : 

1. Oil floatation, utilising differences of surface tension in an 
oil-water medium where the particles are buoyed up by oil, e.g. 
First Elmore process. 

2. Film floatation, utilising differences of surface tension on 
particles at an air-water interface, e.g. De Bavay and Macquisten 
processes. 

3. Adhesive iirocesses, utilising differences of surface tension 
between ])arti(4e.s of oil and grease, causing differential adhesion to 
oilc'd f)r greased surfaces, e.g. Murex and Cattcrmolo greased-plate 
])r()eeHS('s. 

4. Froth floatation, utilising differences of surface tension at 
gas- water interfaces, where the jiarticles are buoyed uj) by bubbles 
of gas. 

(a) Where the bubbles are ])r()duced by chemical action, e.g. 
Potter and Del prat ]n-ocesses. 

[h) Where the. bubl)les arc produced l)y releasing the air 
dissolved in water, e.g. Elmore vacuum ])rocess. 

(r) Where the bubbles are ])r()duc.e(l by mechanical imams, e.g. 
Minerals Separation, Callow, Janey, K. & K., and Kork 
procc'sses. 

Eadi of tlu'se jirocesses has its owm sjfliere of usefulness, but 
for sands and the lik(' containing only a very small ])roportion of 
valuable material, the surface area of water or oil reipiirial to Moat 
any jiarticdc's of metal or ore is so enormous in iiroiiorlion to the 
weight of the material to bt* floated that, instead of the water 
surface, being horizontal, it is much more convenient if it is divided 
into a multitude of hollow cells, as in a froth or foam. To ])roduce 

According to the Oxford Dictiorutr;/, tlie cn.stomary metliod of spoiling 
Lids word — “ flotation” — Ls “ etymologically unjustifiable.” 
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this froth commercially it is necessary to add small quantities of a 
suitable substance such as soap, saponin, amyl alcohol, certain oils 
such as turpentine and eucalyptus, aromatic compounds such as 
camphor, certain benzene derivatives such as aniline, cresol, phenol, 
and many other substances. 

When to water which has acquired the property of foaming is 
added a mixture of ore and quartz or other siliceous matter, and a 
foam or froth is created by shaking or other means, the ore will 
float more readily than the quartz, so that a separation will be 
effected. 

The froth usually requires to be stabilised by the addition of a 
saturated hydrocarbon such as paraffin oil, which enlarges the angle 
of contact between the air-liquid surface and the water-solid surface. 

The quartz may be rendered still less floatable, and its separation 
from the ore improved, by the addition of a little sulphuric acid, 
soda, sodium silicate, or some other salt. 

Hence, on using floatation as a means of separating certain 
minerals from the gangue (quartz, etc.) in a sand, there are three 
factors to be adjusted relative to one another — (a) the cresol or 
other froth-producing substance ; (b) the paraffin oil or other froth 
stabiliser ; and (c) the acid which reduces the floatability of the 
gangue. Sometimes one agent will discharge two duties : thus, 
sulphuric acid not only deflocculates quartz ])articles and renders 
them unfloatable, but it increases the floatability of zinc blende^, 
whilst sodium silicate behaves similarly with rc^gard to copper 
sulphide ores. Eucalyptus oil, oleic acid, tur]xmtiiu\ and many 
other oils act both as froth-producing agents and froth stabiliser's. 

The proportion and nature of the salts in the water' used alse) 
affect the results. Thus, if soap is used the water must be^ se)ft . 

There is no general rule that ores are iloateel a.nel gangue's 
unaffected ; almost any substance can be made te) float if suilaJ)le^ 
chemicals are used, and the problem in each ease^ is te) linel what 
agents will most effectively separate the sed)stance'. whicli it is ek'sire'd 
to float from the others whicli arc present in the' ewueU' sanel. 

The proportions of reagents required are) usually epiile' small ; 
indeed failure more often occurs from using te)e) mue'b tlmn le)() 
little. About 3 lb. of oil, up to 20 lb. e)f iU'iel, eer 3-4 lb. e)f se)eliuni 
silicate per ton of ore, is all that is usually rcejuire'el. 

The sand or crushed rock is mixed with about four time s its 
weight of water and agitated by rotating bhiele's. Dui'ing the 
agitation the reagents are added, and after suffie'ic'ut mixing a, ml 
aeration the frothing liquid is transferreel threeugb an ape'rture) 
in the side of the vessel to another vessel containing still wate'i'. 
Here the bubbles loaded with mineral particles rise and form a 
froth which is removed, whilst the particles of gangue sink to the 
bottom, and may, if required, be carried into anotlic]' v('ss('l for a 
repetition of the treatment. 

The efficiency of the process is such that 90 ])('r cent of eo])])cr 
sulphide in an ore containing only 0-5 ]ier cent, of this matei'ial can 
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be recovered on a commercial scale. The process is particularly 
useful for ores and sands of very low grade which could not he 
concentrated economically by any other method. 

In the use of floatation as a method of separation, practical 
procedure has outrun scientific knowledge, so that whilst a large 
number of papers and several books have been written on the 
practical aspects of the subject, the scientific side has been largely 
neglected. Many of the statements made in explanation of the 
underljdng principles do not bear the test of experiment, and until 
there is more consensus of opinion on the precise nature of the 
underlying principles, no brief yet comprehensive explanation of 
them can be given. It does not appear certain, however, that 
when a substance has been deflocculated or reduced to a state 
in which it will remain suspended in water it can no longer float 
on the surface. On the other hand, flocculated substances will 
float if the aeration is sufficient. Hence, all floatation problems 
resolve themselves eventually into the flocculation and aeration 
of the substance it is desired to float ; thus, flocculation is effected 
by the addition of a chemical substance which must depend largely 
on the colloidal character of the substance under consideration. 
The aeration is similarly effected by the addition of a suitable 
froth stabiliser as well as by the use of suitable mechanical means. 
The deflocculation of the gangue must be brought about by another 
reagent, which, like the one used for flocculation, must depend on 
the chemical and physical properties of the substance on which it 
is to react. 

When once the necessary conditions as regards the reagents 
to employ and the ])ro])ortion of each have been determined for 
any given material, the process of concentration by floatation is 
a simple matter. 


CONCENTRATION BY AIR 

Concentration by air is sometimes used for dry material, the 
air b('ing used {fither as a continuous blast or in a succes.sion of 
gusts. For tlu' former, an air sc'parator is used. 

The purification of sand by means of a current of air, ('specially 
in coniu'ction with an air se])arator (p. Kih), is sc'ldom ])ossible 
when clay is present. Fine partick's of a non-j)lastic nature' 
may, howevc'r, Ix' ('fficic'iitly separat('d by this means, as a eurremt 
travelling at the ralc' of 4-4 ft. per sec. will stir uj) the sand and 
carry off all the particles less than O-l mm. diametc'r. Larger 
particles can st'ldom be separated efficiently by means of air. 

A pidsating air se])arator is often used for concentrating 
metalliferous sands. A dry concentrating table, in which air is 
used, consists of a table umler which is an air-motion blowc'r, which 
causes air to c'litc'r the table from below and ]uxss through a pervious 
cloth to]X, forming an air film under pressure on the U[)per surface 
of the cloth. This air film causes the minerals to arrange them- 
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selves vertically in order of their specific gravities, the heaviest 
being at the bottom. A reciprocating motion , is also imparted 
to the table, which causes the minerals to arrange themselves into 
zones. This method has been used for concentrating monazite 
sands in Travancore. 

Although air separators (p. 466) may also be used for concen- 
trating heavy minerals, they are chiefly used for grading or sizing. 


MAGNETIC CONCENTRATORS 

Concentration by magnetic means is often both cheap and 
efficient. Magnetic separators may be divided into 

(а) Lifting separators. 

(б) Retaining separators. 

(c) Deflecting separators. 

In each case the separation depends on the fact that some substances 
are more readily attracted by a magnet than others. Table LXXIII. 
shows the maxima of magnetic susceptibility of various substances. 

Table LXXIII. — Maxima or Magnetic Susceptibilities op 
Various Substances, by Volume, in C.Ci.S. Units ^ 


Material. 

Locality. 

Magnetic. 

Kn,4('c>i)tibilit,y, 

Soft iron 


Am 

Magnetite (pure crystallised) 

Piedmont 

:m2 

Magnetite 

Hay Tor, Devonshire^ 

I -M 

Magnetite 

Altenfjord, Norway 

()-27 

Magnetite 

Lake Champlain, U.S.A. 
Bettwys Garmon, (!ai'- 

()-2:m 

Magnetite (altered carlionate, 

()•()() 

impure) 

narvon 


Red Haematite .... 


0-0()()7ll 

Red Haematite (crystallised) 

Cumberland 

()-()()()l7 

Specular Haematite 

Nova Scot ia. 

O-OOKX) 

Specular Haematite . 


()•()()(), h 

Brown Haematite 


()'()()0-l2 

Brown Haematite (pure crystal- 
lised) 

Nova Scotia 

O-OOOl 1 

Franklinite 

Now Jer.sey 

()-()o:i7 

Franklinite 

New Jersey 

o-()()2r):{ 

Ferrous sulphide .... 

Artificial 

O-Olhl 

Spathic ore 


()-()()0,7,7!) 

Olayband 


O-OOOli!) 

Impure carbonate ore 

Northamp ( onsl i i re 

o-ooor)!) 

llmonite 

India 

()•()() 147 

Monazite ..... 

Travancore 

O’OOOOlh) 

Zircon 

Ceylon 

O-OOOOOO.^f) 

Pleonaste ..... 

()'()()()1()2 

Gahnite 


o-OGOoni 


* Buu to IS. Wilson. 
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The susceptibilities of common non-ferrous minerals — e.g. 
mica, quartz, felspar, calcite — are less than 0-000001 ; those of 



“strongly” magnetic minerals are greater than 0-001, “feebly” 
magnetic minerals between 0-001 and 0-0001. 

A Lifting separator consists essentially of a magnet which can 
be passed amongst the material to be separated in such a manner 
that the magnetic particles adhere to the magnet and are 
removed along with it when the 
magnet is withdrawn from the 
material. This method is quite 
suitable for very small quantities 
of material, but it is too slow to 
bo used for large quantities. 

A Retaining separator usually 
consists of either 

(tt) A eliut(; or inclined trough, 
in whie-h are a number of mag- 
nets which redain certain of the 
particles ])assing down the trough 
whilst the remainder ])ass along 
and are separated. The appa- 
ratus must be stopped at inter- 
vals in order that the magnetic^ 
material may be removed from 
the magnets. Figs. 122 and 123 
show an apparatus of this kind 
in which the magnets are in the form of a series of baffles across 
the trough, so as to disturb the water and secure an effective 
separation. For cleaning, the flow of material is stopped and the 



U'm. Bdulton, IJd., IlumUnn. 
Fic. 123. — Magnetic separator. 
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electric current switched oJff. The magnetic particles can then be 
washed down with water and the apparatus started again in less 
than five minutes. 

(b) A drum or pulley, formed of a series of magnets, which 
rotates whilst the material to be treated passes over it. The 
attracted particles adhere until the drum has reached a prearranged 
part of its revolution, when the electric current which creates 
the magnet is automatically shut off, and any adherent particles 
then fall away into a suitable receiver. As the drum continues 
to revolve the electric current is again applied automatically and 
the drum again becomes a magnet.. Instead of one magnet, a 
large drum Avith several magnets on its circumference may be used. 

In some cases, instead of allowing the mixed materials to flow 
directly over the drum, they are carried on an endless belt, the 
magnetic drum serving as one of the pulleys, as in the Ingranic 
•Separator (Eig. 124). This arrangement works in a similar manner 



Stmiemnt Enninm-hm Co., Ud., homton. 
Fia. 124. — Ingranic magnetic s(‘])ari>t()r. 


to the magnetic drum just described, but the us(> of a bell is sonu'- 
times more convenient. Another se])arat()r of this type' is tlu^ 
Wetherill Separator (Fig. 125), which has three (‘IcH'iro-magiu'is, oik* 
of which forms one of the pulleys supi)orting the Ix'lt u])on which 
the material to be separated travels. The magiuitic! grains ar(^ 
carried round the pulley and fall into one receiver, whilst tlu^ non- 
magnetic particles .shoot forward and fall into a second (x)in])artnu'nt. 

Further classifying into strongly magiu'tic, and weakly niagmdici 
materials may be carried out by the us(' of two tiylindc'i-s, ilu^ 
second having a higher .speed or a weaker magnetite field. This 
method is employed in the “ Monarch ” .sejuirator, in wRich fhe 
material falls on to the fir.st cylinder and is s('parated from the 
magnetic material. Just as the latter falls from this cylinder it 
is caught by the magneti.sing zone of the second cyliiuh'r, but only 
the strongly magnetic particles are able to he held, and so a further 
classification into strongly and weakly magnetic partich's is (vtTect(xl, 
A machine of this kind with cylinders 2 ft. diamett'i', the first, 
revolving at 40 revs, per min. and the second at 50 revs. ])er min., 
will separate 15-20 tons per hour of material between 15- and 20-mesh, 
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the power required being about 1-1| h.p. for the magnets of each 
cylinder and h.p. for rotating the cylinders. _ , • x i 

A similar separation may be effected by using a horizontal 
cylinder which revolves between the two poles of a fixed electro- 
magnet, these poles surrounding the greater part of the cylinder. 
The point of strongest attraction will _ be exactly on the centre 
line through the magnets, and the point of least attraction -vm! 
be at the lowest point to which the material is earned by tlie 
revolving cylinder. Thus, the stronger the magnetic propertms 
of the material the further will it be carried roimd, 
arranging hoppers in suitable positions beneath the cylinder tne 
material may be divided into several groups each of a different 



magnetic intensity. This arrangement is adopted in the Inter- 
national Separator. x ,1 . x -,1 

Deflecting separators are those in which some of the material 

is tlrawn aside by the magnets and so separated from the remainder 
The simplest separator of this tvjie consists of a narrow mclmec 
table or trough, down the sides of which are fixed a series of magnets 
\s the material flows down the trough the readily magnetised 
narticles are deflected and adhere to the magnets. Rotating 
drum magnets, such as those described on p. 430, are sometimes 

regarded as deflecting separators. ^ ^ , , , , m 

In all mao’netic separators it is important (a) to use sumcienti} 
strong magntds— preferably electro-magnets, as their intensity is 
under better control ; (6) to allow the material to be separated 

to be in as close contact as possible with the magnete, as all inter- 
vening substances, such as belts, etc., reduce the efficiency of the 
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separation of the smaller particles ; (c) to allow ample time for 
the desired material to reach and 'adliere to the magnets, and, 
in the case of rotating magnets, to allow the adherent material 
to be carried sufficiently far to ensure a complete separation. If 
a rotary electro-magnet is used, the construction of the commutators 
is important, as a quick “ make and break ” is essential. 



ELECTROSTATIC CONCENTRATORS 

Electrostatic separators (Fig. 120) arc sonu'tiincH used for 
concentrating dry materials. They depend on tlu*. fad; that, if 
a stream of material is brought into contact with a.ii ('hattrically 
charged body, those particles in the stream which are good con- 
ductors of electricity will become similarly charged and repelh'd, 
whilst those which are poor conductors will t;oniinue their How 
undisturbed. A still more definite separation will take place if 
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the whole of the material is first charged negatively and is then 
brought into contact with a positively charged body. There are 
various forms of electrostatic separators, but the essential features 
of all are that the material fiows down an inclined chute which 
is negatively charged and then falls on to a positively charged 
revolving cylinder, at the side of which is. a second negatively 
charged electrode. The particles, which are good conductors, are 
immediately repelled from the revolving cylinder, whilst those 
which are poorer conductors continue to adhere for a length of 
time depending on their conductivity. By this means it is 
relatively easy to separate a material into three different portions, 
viz. highly conductive, medium conductive, and feebly conductive. 
As different minerals vary in their electrical conductivity they may 
be separated in this way from one another. Thus, magnetite, 
magnetic ilmenite, magnetic haematite, pyrrhotite, chromite, 
ilmenite, haematite, wolframite, pyrites, columbite, tantalite, 
gold, etc., are highly conductive ; ferriferous amphiboles and 
pyroxenes, black biotite, tourmaline, titanite, rutile, anatase, 
brooldte, and cassiterite are medium conductors ; and siderite, 
xenotime, epidote, olivine, staurohte, garnet, monazite, gypsum; 
quartz, chalcedony, felspars, calcite, dolomite, cordierite, muscovite, 
apatite, andalusite, sillimanite, fluorite, diamond, topaz, kyanite, 
spinel, corundum, celestite, zircon and barytes are poor conductors 
of electricity. 


PURIFICATION BY CHEMICAL ACTION 

The chemical treatment of sand is only used in special eases as 
it is ex]Densive, and in most cases sand can be sufficiently well 
cleaned by other means. 

Hydrochloric acid has been used to some extent for removing 
iron compounds from sands. It is useful in some cases, but is 
seldom completely satisfactory, ])artly because some iron com- 
]munds are unaffected by hydrocliloric acid I'.ven when heated to 
iiigli temperature's, and partly because the acid cannot iienetrate^ 
to the interior of the ]jarticles, and so doe's not remove the wholly 
enclosed iron compounds ; when the sand is u.sed for any ])ur])os(‘, 
such as grinding or glass manufacture, in which the intei'ior of tlu' 
grains is eventually ex])osed, such enclosed iron com])onncls may 
then have a serious effect. For this reason, the treatment of sands 
with hydrochloric acid is only of value when the whole', of the iron 
is in the' fe)rm e)f an exterior coating on the particles. 

Iron compounds may be removed from kieselgidir by mixing it 
with hydrochloric acid (specific gravity 1 • 1 ) to form a fluid-paste 
and then heating the mixture to 80° 0. The mass is cooled, washed 
with water passed through a filter press, and the cakes dried and 
ignited. 

Instead of being treated with hydrochloric acid, sands may bo 
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mixed with common salt and heated to redness. This results in 
the formation of ferric chloride, which is volatile and so escapes. 
Unfortunately, salt is no more efficient than hydrochloric acid, but 
it is sometimes cheaper to use it. 

Concentrated sulphuric acid is used for removing iron oxide 
from artificial carborundum sands, 'which are used for abrasive and 
refractory purposes. 

Tscheuschner in 1885 recommended the removal of iron oxide 
(limonite) from sands by sprinkling 64 parts of sand with 8 parts 
of a solution of 3 parts of salt, and 2 parts of concentrated sulphuric 
acid and 3 parts of water. The mixture is heated to redness. The 
product is treated with water and the iron removed in solution as 
a chloride. J. G. A. Rhodin in 1914 patented a simplification of 
this process, which consists in heating the sand with 2| per cent of 
common salt to a red heat, and afterwards lixiviating with water. 
Both Tscheuschner and Rhodin’s processes are expensive, and are 
seldom used, as sufficiently pure natural sands can be obtained 
cheaply. 

Nitre cake has been used quite satisfactorily for cleaning glass 
sands, and is also used for purifying artificial corundum sands. 
The same process may be carried out by using sodium hydro- 
sulphide at a lower temperature. 

Almost the only sands which are chemically puriHed on a large 
scale are those used for maldng optical glass, as the methods of 
purification are costly and can only be used in special cases. 


CALCINATION OR BURNING OF SANDH AND 
SAND -ROCKS 

Sandy materials are sometimes calcined in order to improve' 
their quality, or for some special puryjose in comu'ction with tludr 
use. Thus, kieselguhr is sometimes calcined in ordea' to burn off 
any carbonaceous matter which may be |)rc'sent, and to leave a 
white, or nearly white, kieselguhr. 

Sandstones and silica rocks arc sometimes (udeiined or burned 
in order to render crushing easier, and also (wlua'c^ tlu'y arc^ to be 
used in the manufacture of silica bricks) to change the: silica into 
tridymite and cristo halite (y). 226). 

Glass sands are also iinywoved by burning, as this tn'atnu'nt 
drives off any water present, as well as organic, mattc'r, and so 
improves the colour of the glass. 

Dirt and coal may be included or mixed with sands duiiiig 
transport, but may be largely removed by careful burning. This 
is specially necessary in the case of sands for th(^ manufaciture of 
optical glass, as they need to be very pure. 

Some sands become darker when burned ; this is due to the 
oxidation of the iron yiresent and the consequent y)roduction of the 
red colour characteristic of ferric oxide, or of the darker ferrous 
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silicate if the burning has been effected with an insufficient amount 
of air. Several British sands darken in this way, some pure white 
sands becoming grey or pinkish in colour, though the purest sands, 
such as the glass sands of Aylesbury, Godstone, and Reigate, remain 
pure white after burning, as do also selected portions of the sand 
from Muckish Mountain, Co. Donegal, Ireland, and that from 
Abergele. Glacial sands usually darken considerably when they 
are burned. 

Some of the pure white sand- 
stones of the Carboniferous age, 
such as that found at Guiseley, are 
unaffected in colour by burning. 

The kilns employed for calcin- 
ing sand and sand-rocks depend 
largely on the nature of the 
materials. In the case of sand- 
rocks, in which the pieces of 
material are comparatively large 
and hard, a shaft kiln may be 
employed. This type of Idln (Fig. 

127) consists of an upright column 
or shaft into which the material is 
fed from above, and passes out at, 
or near, the ground level. The 
fuel for burning the material may 
be mixed with the stone — alternate 
layers of fuel and stone being 
placed in the kiln, or the fuel may 
bo burned in a number of fire- 
places or burners so that only the 
products of combustion pass into 
the kiln. The former method is 
seldom employed, the latter being 
much more satisfactory, especially 
if producer-gas is used as fuel, as 
there is practically no contamina- 
tion of the sand by the ash from 
the fuel. 

Shaft kilns may be worked either intermittently or contin- 
uously ; in the former, each filling of the kiln constitutc's a 
separate operation, whilst in the latter, the materials may be 
continuously fed into and drawn from the kiln. Intermittent 
kilns are only employed for small outputs and are not usually 
built more than 10 ft. in diameter at the top, and 5 ft. at the 
bottom, and 20 ft. high. Continuous shaft kilns may be up to 
60 ft. high, from the feed-hole at the top to the draw-hole near 
the bottom. 

Whilst a shaft kiln is simple in construction and economical in 
fuel, if properly controlled, it has several disadvantages which may 
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be overcome to some extent by careful designing. The principal 
disadvantages are : 

1. The kiln is Hable to become choked, with the result that the 

firing is irregular. This can, to some extent, be avoided 
by blowing air through the material during the burning. 

2. The heating may be irregular unless the fireman is both 

sldlful and conscientious. 

3. A shaft kiln is not suitable for material containing much 

powder, as it then chokes too easily. 

Single-chamber kilns are sometimes employed for calcining 
blocks of material, such as sandstones, silica rocks, etc., which do 
not fall to powder when burned. A single kiln consists of a brick- 
work chamber round the base of which fireboxes are placed, so that 



the products of combustion from the fuel entc'r tlu'. chamber, ])ass 
through the material stacked in the kiln, and escais^ to a (diinuu'y or 
are drawn out by means of a fan. Such kilns may hc^ eit her (dreular 
or rectangular, and the gases may ])ass in ('itlicn- an upward or 
downward cUrection. The advantage of u|')-draught kilns is that, 
they are very simple in design and are easily repain'd, hut tlu'y 
have the disadvantage of being wasteful in fuel, as llu' gas('s pass 
to the chimney before the heat in them has hc'c'U fully utilisc'd. 

In down-draught kilns (Fig. 12S), the gasc^s from t.lu' lir('ho.x('s 
are first passed up to the top of the kiln, through v('i'tiea,l llu(\s 
termed bags, and are then drawn down through t-he ma,t('rial in tlu^ 
kiln and out through a perforated floor into Hues whicdi a, re (a)nn('e,t('d 
to a chimney or fan. In this typo of kiln, tlui distamu^ tra.v('lled 
by the gases is very great, and consequently the heat is more fully 
utilised than in an up-draught kiln. Down-draught, kilns arc'p 
however, more complicated in construction, and eonserpiently require 
more skill in use and maintenance. 

In some rectangular single kilns, the fires are i)laced at one end 
and the chimney at the other, the gases then travelling (diielly in a 
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horizontal direction. .Such kilns with a horizontal draught are 
frequently known as Newcastle kilns. 

Continuous-chamlber kilns are sometimes employed for the same 
purposes as single kilns, hut they have the advantage of utilising 
the heat in the gases more fully and so are cheaper to operate. A 
continuous kiln consists of a number of single Idlns either of the 
up-draught or down-draught type, and, in some cases, of the hori- 
zontal draught type, connected together, so that the waste gases 
from one lain or chamber, instead of passing to the chimney, are 
discharged into the next chamber, and then into the next, and so 
on, until the heat in .them is fully utilised, when the gases are 
allowed to pass into the chimney and escape. By building several 
chambers or kilns together in tMs way the cost of building is con- 
siderably reduced, and the fuel consumption is less than half that of 
each separate lain. 

The difficulty of choldng is also present in this type of lain, and 



Fig. 129. — Section of gas-fired reverberatory furnace. 


materials which are likely to fall on burning should not bo fircul in 
them. Continuous kilns are only suitable for outiiuts of 30-40 tons 
of rock per day. 

Reverberatory furnaces (Fig. 120) are used for calcining nndal- 
liferous sands, childly in order to extract from them any metal they 
contain. A reverberatory furnace consists of a long lu'artli in 
which the material to lie heated is placed; at on(> (md of the 
furnace is a firebox and at the other a chimney. The products of 
combustion from the firebox ]m.ss over the matiu'ial on the hearth, 
heating it in their ])asRage, and finally passing away through the 
chimney at the op])osite end. The arch of the furnace is built so 
as to refiect the luait down on to the material and so securi'. efhwlive 
and uniform heating. In some ca.ses, the hearth is heated from 
below as well as from above ; this method effects a saving in fuel. 

Roasting furnaces are used for treating metalliferous sands 
chiefly as a preliminary to the recovery of any metal they contain. 
In the hand-operated type, the furnaces consist of a number of 
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floors arranged one above the other with holes, each floor com- 
municating with the floor below ; the material placed on the floors 
is raked from one floor to another by hand, whilst the gases travel 
in the reverse direction and heat the material in their passage. 
This type of furnace is only suitable for materials which are in the 
state of a coarse powder. 

Mechanical roasting furnaces are used in the treatment of 
metalliferous sands. A typical mechanical furnace consists of a 
series of either horizontal or slightly inclined floors, one above the 
other ; the floors are perforated so that hot gases may pass upwards, 
through, and over the various floors and out at the top. In the 
centre of the furnace is a vertical air-cooled shaft which carries a 
number of horizontal arms fitted with rakes which stir up the 
material on the floors. These arms may, if necessary, be water- 
cooled. The material to be heated is charged on to the top floor ; 
it is stirred by the rakes and gradually falls from floor to floor 
until it is discharged at the bottom, the gases meanwhile passing 



upwards and heating the material in its passage. The chi of 
advantage of this type of kiln is in its simplicity ; it rcupiircH little 
skill in operation and is cheap to work, but has the disadvantage of 
high initial cost and requires mechanical power to o]:»erate tlu^ rakes. 

Rotary kilns (Fig. 130) are only used to a very lijuited extent 
for calcining sands, though, where they can k'. eeonomieally 
employed, they are probably the most satisfactory kilns to use. A 
rotary kiln consists essentially of a steel cylintlc^r or drum limvl 
with fire-bricks or other refractory materials; the drum is slowly 
rotated about an axis slightly inclined to the horizontal. The. 
material to be heated is fed in at the upper end of the kiln, and 
the fuel and air are injected at the lower end. The mat<'rial 
gradually passes along the drum, being agitated during its ])assage 
by the rotation of the drum, and sometimes by baffles in the latter, 
and is finally discharged at the opposite end of the kiln. The 
cylinder may be of any desired length, according to the amount of 
heating necessary, but is not usually economical when less than 
100 ft. long and 6-9 ft. diameter. It may be lined with any suitable 
refractory material, the most satisfactory being one containing 
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about equal proportions of silica and alumina, made of a mixture 
of fireclay and bauxite. The lain is usually supported on two or 
three pairs of roller-bearings, placed at a convenient distance apart; 
and is driven by a toothed wheel surrounding the cylinder and 
actuated by a worm wheel driven by means of a suitable reduction 
gearing. The speed of rotation varies from 20-60 revs, per hour. 

The fuel generally used for such rotary kilns is a fine bituminous 
coal-dust, though natural gas, producer-gas, and petroleum are 
used to some extent. The coal is thoroughly dried and ground 
so as to leave only about 15 per cent on a sieve having 180 meshes 
per linear inch. The powdered coal is conveyed to hopjaers and 
is introduced into the kiln at a regular speed. A blast of hot air 
drives it into the kiln and ensures its rapid combustion. As the 
coal is very finely divided it is completely burnt, and does not 
injure the material which is being heated, except in so far as con- 
tamination of the latter by fuel-ash is harmful. 

At the discharge end of the lain, a cooler, which usually consists 
of an inclined rotating drum, is fitted to cool the material before 
it is discharged ; if desired, water may be used to sprinkle on the* 
material and so cool it more rapidly. 

Rotary kilns are quite continuous and very economical in fuel 
and labour. They can only be used, however, where a very large 
output is required, as rotary kilns with small outputs are not 
economical. The cost of installation is very high, and this also 
necessitates a large output. Unlike the other kilns mentioned, 
rotary kilns are only suitable for powdered materials ; large pieces 
are imperfectly burned. 

The calcination or burning of sands and sand-rocks may be 
carried out in either an oxidising or reducing atmosphere, according 
to local requirements. Sand-rocks such as sandstones, quartzites, 
etc., which are heated to convert them into tridymite and cristobalite, 
or which are heated to render them easier to crush, also glass sands, 
kieselguhr, etc., are calcined in an ordinary oxidising atmos])here. 
Metalliferous sands may, in some cases, be heated in an oxidising 
atmosphere, but in others a reducing fiaine is m^eessary ; the 
particular conditions must be adapted to the nc'cds of the material 
being heated. 

The temperature and duration of heating dc'pends on the 
])urpose of the calcination. Where a .sand, stone is calcined to 
render crushing easier, a temperature of 900"- 1000° ( 1 . is all that is 
necessary, but where it is desired to convert silica into tridymite^ 
and cristobalite, a much higher temperature — about 1400° C. — is 
required, and the heating must be continued for a very long tiimn 
whereas in the first ease it is merely necessary to heat u]i and then 
cool quickly, if necessary by quenching the material in watc'r. 
Where it is merely desired to drive off any carbonaceous matter 
which may be present, a temperature of 900°-1000° 0. is generally 
sufficient, provided an ample supply of air is passed through the 
kiln. 
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For roasting metalliferous sands, the temperature depends on 
the nature of the metal and the change which it is desired the 
heating should effect. When the metallic compounds are to be 
reduced and the crude metal extracted from the sands, a highly- 
reducing atmosphere is essential, and usually the sand must be 
mixed with coke, charcoal, or other reducing agent, prior to its 
entering the furnace. A shaft kUn (known in this case as a “ blast 
furnace ”) or reverberatory furnace is usually employed for this 
purpose, the molten metal being run off through a tap-hole in the 
side of the furnace. It is not usually economical to treat crude 
sands in this ruanner ; the desirable mineral in them is usually 
separated by a process of concentration, and the rich ore so produced 
may then be smelted by one of the processes ordinarily used for 
rich materials. 


CHAPTER X 


SIZING OR GRADING SANDS 

Sizing or grading is the process of dividing a sand into particles 
of various sizes. It should seldom be omitted, no matter what 
may be the purpose for which a sand is to be used, though in some 
cases a partial grading is sufficient. In the most primitive cases, 
grading is used to separate small grains of sand from pebbles, 
gravel, flints, or from other relatively large pieces of undesirable 
matter. In other works, it is used as a means of separating grains 
of desired sizes from the rest. In the case of placer sands, which 
contain particles of valuable metals or ores, sizing is necessary 
in order that the classifiers may work to the best advantage. 

A perfectly graded sand will contain no grains larger or smaller 
than those specified, but perfect grading is seldom attained and 
would, ill most cases, bo prohibitive as regards cost. Consequently, 
the grading is usually effected within fairly wide limits, the selected 
gracles de])ending on the particular purpose for which the sand is 
to be used. A very convenient series of grades, used for many 
years by the author, is shown on p. 249. 

A series of grades proposed by Boswell is shown on p. 211, 
that proposed by P. W. Taylor is shown on ]>. 248, whilst 
other series of grades have Ikmmi |)ro[)osed by 8eger (p. 211) 
and Mc'llor (p. 211). Unfortunately there is no generally accepted 
standard series of grade's, but if where'ver possible the I.M.M. 
standard sieves (p. 247) were used, the need for a standard grading 
figures would be less marked. Aeuairab^ standard screens are by 
no nu'ans necessary for use* on a large .scales, but the', jirodiud- from 
the s(‘.reens actually employed should be testeel with standard 
siewes from time to time st) as to ensure its general conformity 
to requirements. The use of standard sieves for this puiq)ose 
has been described on ]). 240. 

The se])aration of the sand into particles of various sizes may 
bo made with either wet or dry sand according to convenience. 
Where the material has to be washed as well as sifted, it is usually 
easier to sift it in the wet state, but sands which are merely dam]), 
yet do not require to be washed, should usually be dried before 
being graded. 
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Sizing or grading may be effected by three principal methods, 
namely : 

{a) Screening or sifting the wet or dry material. 

(6) Water grading. 

(c) Air separation. 

The first mentioned is generally used for the comparatively 
coarse grains, whilst the last two are used for the finer grains which 
cannot be conveniently separated by sieves or screens. 


SCREENING OR SIFTING 

Screening or sifting is the process usually employed for separating 
into different sizes all sands with particles coarser than 0-0025 in. 
diameter. Grains which are finer than this cannot be conveniently 
sieved but must be classified by means of either water or air. 

Screens or sieves are of various kinds, the principal ones being : 

(1) Fixed screens, which may be (a) flat, {b) conical, or 

(c) cyhndrical. 

(2) Movable screens, which may be (a) reciprocating, (b) rotary, 

or (c) sieve-conveyors. 

The terms used to describe screens are rather loosely applied. 
Riddles are very coarse screens. A sieve or screen may be regai'chnl 
as a riddle having moderately fine openings, whilst a lawn is a very 
fine screen, having 100 to about 350 holes per linear inch. Tliese 
terms are not standardised, however, and the terra “ sieve ” may 
be applied to a “lawn,” whilst the term “screen” is often used 
for a “ riddle,” and vice versa. 

Fixed flat screens consist, usually, of a flat surfaces, or Hlu'(<t 
composed either of a meshwork of wires, a numbcT of straiglit 
wires (Fig. 131) forming long slots, or a perforated or slotted metal 
XDlate. The term “ flat screen ” is used even when the sco-eening 
surface is inclined, so that the material sup])licvl to it may travel 
down the incHne and so enable the screen to work (‘.ontinuously. 
Perfectly flat screens are only used on a comparatively small scale ; 
they must be emptied 2 oeriodically, or they will beconu; (illcnl with 
coarse material which will not pass through their a^jcrturc's. 

When the screen or sieve is horizontal it may Ix^ hdd in tlu^ 
hand, or more conveniently, it may be sui)])orted on two st.rong 
bars. A suitable quantity of the sand is then placiod in the siewe; 
and the latter is shaken or moved backwards and forwartls so as 
to aid the smaller particles in jsassing through it. (Sometimes 
it is more convenient to keep the sieve stationary and to rub its 
contents gently until all the particles which can do so hav(^ ]jassed 
through the sieve. Such sieves are only suitable for a small out])ut, 
and their use is often teefious. 

When an inclined screen or sieve is used, the crushed stone or 
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sand is supplied to the upper end of it in a uniform manner across 
the whole width of the screen and slides down it, the finer particles 
]passing through the meshes or perforations of the sieve whilst the 
coarse particles which will not pass through fall off at the lower 
end as “ tailings.” The screen must, of course, be of sufficient 
length (or a series of screens must be used) to ensure that all the 
smaller particles are separated. Many inclined screens are too 
short and too steeply inclined to do their work properly, with the 
result that a very imperfect separation is effected. 

It must be clearly understood that with an inclined screen 
the largest particles passing through it will not correspond to the 
mesh or perforations of the screen, but will be the “ projection ” 
of such apertures on to a horizontal plane. Thus, if the screen 
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Fig. 131. — Piano-wire screen (see j). 44(5). 

were a sheet of steel, witli lioles j. in. dianuder, inclined at an angle 
of 45 degrees, the effeetive size of its iierforations would be ()4)S75 in. 
or about threci-(][uarters of the apparent aperture. Owing, howewer, 
to th(^ rate at whidi the ])artiele.s slide over a slu'ot of smooth 
metal inclined at siudi an angle, most of the parti(iles will Ix^ less 
than ./| in. diameter. Htniee, th(' actual size of tlu^ particles 
s(‘i)arated (ian only be found by trial, as it depends on tlu' inclination 
of the sieves and the speed at which th(‘ material travels over its 
surfawu In order to prevent the matiu'ial from ])assing too ra])idly 
over the sieve, it is sometimes desirabk^ to make the sieve in two 
or more jiarts — one slojung at a fairly stee]) angk^ and the others 
at a smaller angle. By doing this, the sjieed of the material is 
lessened by the" baffling action of the later slopes. The same 
effect may sometimes be obtained by arranging small baffles across 
the surface of the sieve, which arrest the speed of the material 
to some extent, and so render the screening more efficient. 
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The efficiency of a flat or inclined sieve also depends on the 
kind of material to be screened. Where this contains a large 
variety of sizes, it is more difficult to obtain a good separation, 
as the smaller particles become mixed with the larger ones and are 
not sufficiently separated in the short time during which the material 
passes over the screen. When most of the particles are of a size 
which wiU pass through the screen and only a small proportion 
are larger, the separation is much more efficient. 

Coarse material may be more efficiently screened than fine, 
as the holes, being larger, are less likely to become clogged. The 
kind of apertures employed is also very important ; they may bo 
formed by either (a) wire gauze, (b) parallel wires, or (c) as perfora- 
tions in a plate of steel or other material. 

Gauze or mesh-cloth is not usually satisfactory for a fixed sieve, 
unless some means is employed for vibrating it so as to prevent 
the clogging of the holes. When a suitable vibrating arrangement 
is provided, gauze is very satisfactory for comparatively fine 
particles. It is unsuitable for very coarse screening on account 
of its lack of strength. Gauze sieves are designated by numbers 
which, in this country, state the number of apertures per linear 
inch. Thus, a No. 24 sieve has 24 holes per linear inch, or 576 holes 
per sq. in. On the Continent it is more usual to specify the number 
of holes per sq. cm. Such Continental designations may bo con- 
verted into the corresponding numbers by multijdying the square 
root of the Continental figure by 2^. Thus, a Continental siewe 
designated as 4900-mesh, i.e. having 4900 holes per sq. cm., will 
correspond to 70x2|, or 175 in the English standard, and will be 
equivalent to a Np. 175 English sieve. Conversely, an English 
No. 25 sieve would correspond to (25 ■^2|-)'^ or to a No. 100 Con- 
tinental sieve. 

Some Continental manufacturers designate their sieve's by 
numbers which correspond roughly but not accurately to tlui 
English ones. 

Table LXXIV. gives various ligures which may be' use'd in 
comjDaring sieves designated in different ways. 


Table LXXIV. — Numb mis and Musjrn.s ok iSiiovioh 


Sieve No. 

per 

Lini^ar liicli. 

Meslies piu' 

S(i. In. 

Rlesliea per Ciii. 

Meslu'H i)er 

S(|. Cm. 

30 

30 

900 

12 

Ill 

00 

00 

3,(i00 

21 

57 () 

!)() 

90 

8,100 

30 

1290 

100 

100 

10,100 

40 

KiOO 

120 

120 

14,400 

48 

2304 

150 

150 

22,500 

()0 

3000 

200 

200 

40,000 

80 

0400 


A difficulty experienced in connection with sieves designated in 
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one of the afore-mentioned ways is that it is not possible to tell 
what sized apertures they contain, as this depends on the thickness 
of the wires used. To overcome this, a series of standard sieves 
have been prepared by the Institute of Mining and Metallurgy in 
which all the apertures are the same diameter as the wires. In 
the United States a different standard is, unfortunately, used, and 
tends to cause confusion when British and American results are 
compared. The English Standard sieves and screens are shown in 
Table L. on |). 247. 

When gauze or silk is used, the wires or threads tend to stretch 
and to sag, and are liable to be forced apart, thus allowing larger 
particles to pass between them. It is, therefore, important that 
the size of the particles passing the sieve should be tested jperiodic- 
ally so as to ensure that the sieve is in proper working order. When 
larger particles are found, the mesh of the sieve should be carefully 
examined, and the defect repaired. The gauze may be made of 
iron, steel, brass, bronze, or less frequently copper. “ Lawns ” are 
usually made of silk ; they are too delicate to be used on a very 
large scale. The non-ferrous metals may be used for very fine 
screens and where it is desired to avoid contamination by iron. 
Phosphor-bronze is largely used for the finer sieves, on account of 
its hardness and toughness. 

Small sieves may be made in one piece, but larger ones are 
usually in sections, each mounted on a suitable frame and fixed 
into the screen framework. By dividing the gauze into sections 
repairs are facilitated, no unnecessary waste of gauze occurs, and 
replacements can readily be made. If the screens are properly 
designed a defective ])iecc should be removed and replaced by a 
sound one in the course of two or three minutes. This is very 
important, as it reduces the time lost by the sto])])age of the 
apparatus to a minimum. 

Another reason for using modm-atedy small frame's is that unless 
the gauze is tight it is imiiossible to vibrate' it ])re)])erly, anel tiglit 
gauze cannot be obtained in a large frame e)\ving te) the' te'ndenc'y 
e)f the cloth te) sag. He^reen frame's ine'asuring 0 ft. by 4 ft. arc 
about the maximum size wleiedi gives the' most eonvenie'ut hanelling 
witli ease of re])lace'ment anel low (!e)st e)f re'])airs. It is alse) desir- 
able that the frames shoulel be sullie'ie'utly small te) e'nable the 
reiepiireel tensie)n in the' gauze to be' obtaineel without straining it, 
because it is very imi)e)rtant that the screening surfac'e' shoidel be 
taut se) as to give' a goe)cl separation ; 40 ])e'r e'cnt en- more eif the 
fine mate'Hal may be left in the tailings through a, se're'cn ne)t being 
sufficiently taut. As the wire is certain to sti’cteh in use, some 
moans she)ulel be ])rovided for tightening the gauze fre)m time to 
time. 

For further information see p. 448. 

Parallel bars and wires arc used for screens or riddles where the 
particles are globular or free from flakes or long thin ])ieees. 
“ Grids ” or gratings composed of a series of parallel bars with a 
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iefinite space between them are excellent for separating pebbles 
,nd other coarse particles, but they are seldom efficient if the spaces 
•etween the bars are less than in. wide. The largest grids are 
iften known as “grizzlies,” and they are chiefly used to separate 
mall stones or gravel from sand, or the small pieces of rock from 
that which requires to be crushed. Being very strong, they are 
not damaged by tipping a wagon- or truck-load of material on to 
them, so they form an effective feeding device for other machines. 

Bar-riddles or grids may be either horizontal or sloping according 
to the conditions under which they are used. If sloping, the 
inclination should be slight — seldom exceeding 30 degrees, or the 
material will pass along too rapidly for it to be properly screened, 
though for damp sand an almost vertical riddle is often used, the 
material being thrown against it with considerable force. 

The bars may be made of iron, steel, or wood. They may bo 
round, square, rectangular, or triangular in section, the last-named 
being best as regards preventing the particles becoming fixed 
between the bars, but not as durable as square or rectangular 
bars. Round bars are objectionable, as they are closer together at 
their diameter than on the surface of the grid, and thus tend to 
cause an excessive proportion of wedged pieces, which are often 
difficult to remove. 

The bars may be of any convenient length. Such grids are 
often 8 or 12 ft. long and usually about 4 ft. wide, though thcwc is 
really no limit to either their length or width, as they can be built 
in sections to ensure the requisite strength. 

For separating particles less than J-in. diameter ])aral]('l wires 
are preferable to bars. If such wires are fixed witliout any 
appreciable tension, they are satisfactory for light work and for 
hand-riddhng, but not for continuous work. For the lattcu’, th(^ 
wires should be stretched by tension keys, as in a pianofor'te : 
hence the term “ piano-wire ” screens. Faralk'l wires, arrang(ul 
along the length of the sieve and sometimes strinigtlienc'd by a few 
cross wires, sieve more ra])idly and readily tlian gauze sieve's. 
They have the disadvantage that if a long tliin partieF' falls on to 
the screen it may pass between the wires, wlu'rt'as it (iould not pass 
through a gauze screen of the same mesh, as tlu' c.ross win's would 
stop it. This, however, does not often ha])pen in sc'ree'ning a 
material such as sand and crushed rock, as the ])arti(!l('s are in most 
cases fairly cubical. A further difficulty encountc'rc'd with screens 
having only parallel wires is that a large ])ai-ticl(' may force tlu' 
wires apart and then allow other larger partich's to pass thi-ough 
the opening so created. This defect cannot be wholly avoided, 
but it can be minimised by keeping the wires taut, so as to allow 
as little movement as possible, and by ins])e{!ting the scireen 
frequently ; it does not occur with gauze screens. 

Screens with parallel wires and no cross ones Imvc' a tendency 
to cause the material to race too rajnclly over them and thus j)rov('nt 
an efficient separation of the particles. This may bo minimised by 
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reducing the inclination or slope of the screen or by arranging the 
wires across the screen instead of longitudinally, thus retarding the 
flow of the materials and so effecting a sharper separation. Screens 
composed of parallel wires set closely together should usually he 
provided with some means of vibrating the wires sufficiently to 
keep them clean. If the wires are stretched taut the movement of 
the particles may cause the requisite vibrations ; otherwise they 
may have to be produced mechanically. 

Although piano-wire screens have obvious advantages over 
those made of gauze, the risks involved in their use are sufficiently 
important to make many managers prefer gauze screens. The 
lower output of a gauze screen may easily be overcome by pro- 
viding a larger screen area, but a badly screened product containing 
particles too' large in size may easily cause serious financial loss to 
a firm. 

Perforated steel plates are the most convenient form of screen 
where particles between in. and 2 in. are to be separated. 
Still larger perforations can be made, but the wear and tear are so 
great that it is cheaper to pass such coarse material over a grid or 
grizzly. The shape and size of the perforations varies according 
to circumstances. Sometimes the plate is corrugated as well as 
perforated, or several plates may be arranged in steps. Slots have 
the advantage over circular perforations of offering a larger screen- 
ing surface per square yard of sheet, but are very liable to pass 
long flaky pieces which would be rejected by round holes. Conse- 
quently, it is usually better to employ the latter, though this may 
involve the use of a larger screen to produce the same area of 
apertures. 

Inclined perforated or slotted plates are so smooth that the 
material tends to race over the surface, with the result that some of 
the material fails to pass through the holes, and this must bc 
allowed for in purchasing screens of this character. It is also very 
important that the angle at which the screens are |)la(ied should 
be very carefully adjusted so as to allow for its effect on the 
sand and on the rate at which the latter travels ov('r the surface. 
Baffles, or the. use of two or more screens at diffeu’ent angles, may 
be necc'ssary to retard an excessive flow of material. 

The thickness or “ gauge ” of the metal used for slotted and 
perforated screens should be sufficient to give ample stremgth. 
Those in Table LXXV. make reasonably durable screens ; thinner 
sluads should not bo used excejjt under s])ecial circumstances. 

It has ])reviously been pointed out (in 443) that the largest 
particles which pass through the openings in an inclined, ])erforated 
sheet are mucli less than the openings themselves. This is due to 
the slope at which the screen is hung and must be duly allowed for 
in purchasing a screen. It is often an advantage to hang the 
sheet from four chains, by a hook at each corner of the screen ; 
this enables the inclination of the screen to be adjusted rapidly and 
easily so as to suit any variation in the material. 
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Table LXXV. — Perforated Sheets 


i'l 

:!i 

t 

'ir 

1 !: 




jl' , Noth. — W ith holes 1-4-in, diameter the total area of the hoies shoiilil not exccaul 4.1 juu' 

! ; cent of the total area of the sheet, and preferably .should not exceed .Ki |hu' cenl., or i.he Hheots 

i ! will probably bo too weak to bo durable. If the dianieter of the holes Is not the siiine on hotli 

{I sides of the sheet, that on the lower side should be .sligiitly the greal.er, so as l,o pr(!V(ui(. the 

I ; material from wedging in the holes. 

i The Relative EfBciency of Horizontal and Inclined Screens. — Tlio 

;! efficiency of a fixed horizontal or inclined screen depends on stwtd’al 

' I factors, of which the most important are : 

h (i.) Its length) many users employ screens which an^ far too 

j;:i short to ensure a good separation of the coarse and (iiu^ ma.i('rials. 

J This can best be ascertained by testing the tailings with a liand- 
'' sieve of the same apertures. In most ca.s('s, a hsigth of not huss 

i than 6 ft. is necessary, though 4 ft. is more usual. Wlunu' sovcd’af 

i screens are employed in series at ditlercnt aiigh's, (uuL should \h) 

at least 4 ft. long. 

(ii.) The inclination or slo'pe, whicli luusl. va.ry a.ccor(liug f.o l.lu'. 
type of screen used, though an angle of -If) (h'gnu's is gt'iu'rally 
^ satisfactory. If the screen is vibrated, an angle of 30 (h'grcM's with 

the horizontal will usually suffice. 

(iii.) Smoothness of Surface. — A ])ei'f()ra.t(Ml sluu't oi’ a. scau'cn 
composed only of parallel wires will oppos(' less resistanee io iiio 
flow of the material than one with (to.ss vvir(\s, and so will O'lul to 
retain in the tailings a larger luoportiou of line iua,t('rial (Jiaii will 
a gauze screen. This may u.sually be overconu' by using a. loug('r 
screen. The output of a gauze scucen is oftc'U low Ix'eausc' of tlu^ 
resistance caused by the cross wires, though this may Ix^ hu-g('ly 
overcome by vibrating the screening surfaerx 

(iv.) Distribution of material on the screen ; thus, if tlu' material 
is spread uniformly across the whole width of tlu' serexm and 
continues to bo so distributed throughout its jourm^y, tiu^ ('(lithuKiy 
of the screen will be high. Many users feed the .scaxxms carelessly, 
with the result that a large proportion of the available^ surfacio is 
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not used at all. Uniformity of distribution is secured in the 
“Newaygo ” screen (Sturtevant Engineering Co., Ltd., London) by 
means of a screw conveyor wliicli discharges material over a weir 
on to the screen. In other screens baffles are used. 

(v.) The nature of the material . — Some materials are much more 
easily screened than others as the proportion of material to be 
removed often exerts a notable influence on the process. Thus, it 
is extremely difflcult to remove completely a small proportion of 
moderately fine material from a coarser one and damp material is 
more difflcult to deal with than a dry one. 

(vi.) The vibratory movement of the screen . — The greatest 
efflciency is obtained from a gauze sieve or lawn when the particles 
of sand, etc., are in a rapid state of motion in an almost vertical 
direction. They should rise sufficiently above the gauze to drop 



Stiirlevani Enjinecrinu Co., Lid., London. 
Fia. 1.32. — Newaygo .sercen. 


on an aperture which is not already occupied and, in the eaxse of 
an inclined screen, should gradually i)as.s down tlu' inclim* in a 
st'.ries of small “ ho])s ” over each succHH'ding cross-wire. With 
fixed screens, tlu'- usual method of (dfe(!ting tliis movement is to 
vibrate or ra]) tlie screen. 

Tlie simplest form of vibrator c.onsists of a scu-ies of sliort bars 
which are attached loosely to a seric's of rotating dis(!s, so that 
l.hese l)ars strike on small anvils on tlie frame of the screiai in ra])id 
suc,c('ssion. The greater ])art of the vibration is absorbed by the 
frame, but sufficient movement is transmittcMl to the sen-eening 
surface to ensure a reasonably high output. This juethod is noisy, 
destructive, and not very efficient. 

A great improvement on it is incor])oratcd in the Newaygo 
screen (Fig. 132) in which a series of strips of metal are placed 
at regular intervals on each side of the gauze ; attached to these 
strips are a number of metal holders which project through the 
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sing of the screen and carry wooden pegs which act as 
len struck at frequent intervals by a number of loose 
bars attached to a series of rotating shafts fitted above 
ising. In this way, the screen is vibrated by blows delivered 
it directly to many points on the surface at a fairly rapid 
and clogging is effectually prevented. The hammers and 
. ils should be arranged so as to give only a very small amplitude 
of motion to the screen, not enough to cause violent movement 
of the material, yet sufficient to free the particles and to present 
them with ample opportunities of escaping through the openings. 
Two screens, one below the other, may be vibrated simultaneously, 
but in that case the upper sieve must not be finer than about 
15unesh. 

What apj)ears to be a stiU more effective method consists of 



W. & Tykr Co., Cltipclmul, U.S.A. 


Fig. 133. — Huni-mer Hcroen. 

several powerful electro-magnets mounted nhovo flu* ga,u/.('. (I^’'ig. Illli) 
which alternately attract and release stri])s of sted ai-iadu'd to 
the screening surface at a very rapid rat(\ in a imumer pi'i'dsdy 
similar to the vibrations of the hammer in a,n (h'daie bell, a, nil 
keep the gauze in a state of co’n.stant vibration. Tlu^ inak(>rs 
of this “ Hum-nier screen ” claim that the inimisity of vibration 
is far p-eater and more effective than with Inunimn's, that it ea,n 
be varied at will in order to suit the material to b(^ scrtH'iual, and 
that very little power is required. By a])plying an intmisi^ly 
rapid vibration direct to the gauze, the particles arc! (!onsi.antly 
separated from each other, the larger ones lumping thc! smaller 
particles to pass more readily through the scrc'cn, and c!nabling 
the screen to have a very large capacity and a v(!ry sharp sepa, ration. 
Rapid vibrations of small amplitude also priwcmt thc! mat(!rial 
jumping or bouncing on the screen and enables a small(!r angle 
of inclination to be used and a sharper separation to be effected. 
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Whenever a. vibratory mechanism is used, the screen should bo 
fully enclosed in a dust-proof case, or the loss of the finest material 
will be serious. 

Testing Tailings. — ^When a sieve or screen works perfectly, all 
the particles up to a certain desired size pass through it and the 
tailings will not contain any particles less than this size. Con- 
sequently, if the tailings were passed a second time over the sieve, 
no further material would be separated. It is practically impossible 
to secure so perfect a result on a large scale, as no sieve in the market 
has a 100 per cent efficiency. The only way to obtain the best 
possible result is to investigate several types of sieves or screens, 
vary their inclination, length, and mode of feeding, and to test 
the tailings with a hand-sieve of the same mesh or aperture. It is 
also a wise precaution to make periodically similar hand-tests 
of both tailings and screened material, so as to ensure a “clean ” 
product, during the regular working of the plant. 

Supports for Screens. — Horizontal and inclined screens are 
often used for hand-sifting ; a flat screen is usually placed on an 
open support, such as a pair of rails, or on toj^ of a tub, box, or bin, 
and half-filled with the material to be sifted. The screen is then 
moved backwards and forwards on its supports, or is lifted in the 
hands and shaken horizontally until it is judged that the whole 
of the fine material has been removed. With care, a highly 
efficient separation may be effected. 

An inclined screen or riddle may be set up at about 75 degrees 
or other siiitable angle and the material is thrown against it ; 
the finer particles tiass through, whilst the tailings fall down to the 
bottom of the screening surface. The efficiency is low, but often 
sufficiently good for the purpose, especially when tln^ rejevded 
material is rather coarse. An ordinary labourer kept su])plie(l 
with material, and working ten hours a day, will screen 24 e.u. yds. 
of sand and gravel in this way. For larger oidputs, it is cluviptM- 
to support the inclined screen above th('. ground, at a slope of 
45 degrees or less, and to feed the material on to the u])])(‘r (mkI of 
th(i screen, so that it slides down the surfacio, thc^ snialbu- ])artiel('s 
])assing through the sei'cen and Ixang se])arated in this way. 
liufiined screens are made to .screen 15-20 tons ]xu’ hour of sa.nd 
of 20-mesh or 10-15 tons per hour of sand of 40-niesh. Tlie 
supjKu-ts may be of timber or iron, the latter being ])referabk'. 
as it is stronger and more durable. Chains (]). 447) an^ sonudimes 
preferable to more rigid sup])orts. 

Fixed Conical Screens. — Conical screens are sometimes us('d 
because their shape permits a larger screening area^to hc^ ('m])loy('d 
within the same flo()r spacic as a horizontal or imdined se.reen. 
They also facilitate; the delivery of the sand, etc., through a small 
spout, though, to be effective, the material must bo arranged to 
flow uniformly over the surface of the screen. This is usually 
accomplished by means of adjustable baffles which guide the 
material, but in the conical screen made by the Traylor Engineering 
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Co., Allentown, Pa., U.S.A., the upper surface is swept by revolving 
scrapers which gradually move the particles from the rim to the 
centre of the screen, until they escape through an aperture in the 
centre of the cone, and are carried away as tailings. 

A similar form of conical screen, made in this country, is the 



liirldc Co., IJiL, l‘li/iiioitlh. 

Fia. 134.~Tlia Piilvor l^lmidor. 

“Pulver Blender” (Fig. 134). Inside the (ioiie is a rotary spreadca; 
plate above which a number of beaters are mouni-c'd. 'Phe stin'-en 
is surrounded by a conical casing with an exit pijx' in tlu^ base. 
The material to be screened is fed on to the r(>ta,rv si)r(ai(l('.r ])late 
and broken up by the beaters ; the ])artieles a,i'e tlu'ii (lung by 
centrifugal action on to the screen, the small ones j)assing through 
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the screen, whilst the larger particles pass down it and escape 
by the appropriate outlet. 

The Vicona screen (Vol. II., Fig. 10; C. E. V. Hall, Sheffield) 
consists of a conical screen mounted above a similar, but inverted, 
screen, both bemg mounted in such a manner that they can be 
oscillated and vibrated, by means of a shaft and cam. The 
material is fed through a hopper on to the upper conical screen ; 
the small particles pass through it and fall on to a second inverted 
conical screen, which may be either the same or a smaller mesh. 
In the former case, the material is separated into three different 
sizes each passing into a different chute. The coarse material, 
rejected by the first sieve, 
passes down the inside of the 
casing to the tailings chute ; 
the material which has passed 
through the first sieve, but is 
rejected by the second one, 
passes down an inner casing 
into the “medium” chute and 
the material which has passed 
through the second sieve enters 
the “ fines ” chute. This type 
of sieve is very compact, yet 
has a specially large screening 
surface, and is very effective for 
all materials between in. and 
200-mesh. 

Fixed Cylindrical Screens 

arc sometimes employed. 

They consist of a cylinder 
made of gauze or perforated 
plate mounted in an almost 
horizontal position (Fig. 135) ; 
the material is introduced .at 
one end, and is swe])t gradually througli the Ciyliuder by a 
cylindrical or spiral brush mounted on a shaft which ])assos 
through the centre of tlie cylinder. The brush ])resses the material 
against the surface of the screen, and also gradually carries it along 
through the cylinder. Sometimes the brush is replaced by i)addles 
or sc;ra])ors which arc intended to serve the same ])urposcs, hut 
an^ less effective. Occasionally, a half-cylinder forming a trough 
is used in connection with a brush, but thc^ disadvantage of this 
arrangement is that it is less effective than when a complete 
cylinder is used. It is claimed that lc.ss power is recpiired to 
propel the material through the screen by bruslies or ])addles 
than to vibrate the screen, but as against this the brushes wear 
away ra])idly and arc ex])ensive, besides introtlucing bristles into 
the screened product, whilst with the finer screens the brushing 
causes a large amount of wear and tear on the screening surface. 



Kjc. 135. — “ Raj)icl ” siftor. 
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Moving Screens or Sieves include those having three kinds of 
motion : (a) reciprocating, (6) jigging, and (c) rotary. 

Reciprocating Screens. — The simplest form of reciprocating 
screen is an ordinary fiat sieve which is shaken to and fro by hand. 
This method is very tiring, and is so slow that it can only be used 
for the smallest outputs. Eor larger quantities, some form of 
mechanical power must be employed to create the motion. 

Power-driven reciprocating screens are usually of the flat type, 
one of the commonest patterns consisting of a horizontal screen 
or sieve (Fig. 136) moved to and fro along rails or guides by means 
of a bar having one end attached to the sieve and the other to the 



IF. (turdner tC Sons, Lhl., (i/<nii'csl(‘)'. 
Fiq. 13(). — Rccijji’ocating sc.roon. 


edge of a disc mounted on a shaft, so as to I'oi'di a (a'aiik. It is 
sometimes more convenient, instead of using guide's, (,0 suspe'iid 
the screen from the roof or from a framcwoi'k, tlu* molion being 
imparted in the same manner as before. 

If desired, several sieves may be plaeavl one above (he oCu'r 
and reciprocated by a series of cranks. Tlie (iiu'r parliek's from 
the upper sieves fall on to those below until tlu'y pass out- into 
a suitable receiver. Such sieves must lx; cmiptied by hand uid('ss 
they are made continuously acting by slo])ing (hmn slighlly and 
provicUng them with chutes. This method is sometimes used for 
washing and screening sand simultaneously ([). 400). 

Reciprocating sieves of this tyj)e may bo of any eon v('ni('nt 
size. They are usually moved at the rate of 30-70 stnlkc's p('r min,, 
according to the nature of the material. The outpid. of n'ci pnxadhig 
sieves is rather smaller than that of rotary siewes ((h'serilx'd later), 
but for many purposes they are useful if kept in good condition! 
The wear and tear on them is rather great on a(u;oimt of the 
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reciprocating movement and unless well enclosed they are very 
dusty. When the sieves are used for washing (p. 399) the dust is, 
of course, avoided. 

It is very important to avoid wasting power by the use of an 
unnecessarily violent reciprocal movement. All that is needed is 
to cause the particles to jump upward from the screen, which then 
travels forward and backward, so that the particles when falling 
do not strike the same aperture as that from which they rose. 

Jigging Screens are a simple modification of the well-known 
jigging conveyor, which consists of a long shallow tray (Fig. 59) 

r ' ■ . ■ ■ I 

I ■ ■ , . 



Ihutd, Wr'mItlitoH {('• (Uk, Ltil., 


Fia. 137. — .liggiiifj; scwodii or Hcnioii oouvoyor. 


inountc'd on springs, and r('<;i|)ro(^at(‘(] with a slow forward inove- 
nu'iit and a rapid backward oiu'. By this nu'ans, tlu^ ])artickss 
ai'o (iontinually jerked upward from the tray and gradually travel 
forward along the conveyor. If the tray is jx'rforated or Httcaf 
witli gauze, it acds as a combined conveyor and sieve (Fig. 137) ; as 
it may i)e made of great length, its screening eflicit'nc.y is very high. 
They ar('. usually 4-5 ft. wide, and are incdined at various angles 
up to about 18 degrees, according to the nature of tlu^ material. 
They are reeijn-ocated at speeds up to 120 oscillations per minute, 
the stroke being usually about 5-9 in., about 2-3 h.]). being recpiired. 
The arrangement of the supporting s])rings and recdprociating 
mechanism requires care and skill so as to avoid unnecessary 
vibration, and where two conveyors, one above the other, can 
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be coupled to the same reciprocating device, though with separate 
cranks, much greater durability is ensured. 

Jig screens are not suitable for fine powders as they are too 
dusty, but they are excellent for separating sand from gravel. They 
are costly to instal and must, therefore, be used for large outputs. 

Grids or grizzlies may be given reciprocating movement, either 
as a whole or by constructing them of loose bars and attaching 
alternate bars to an eccentric or crank which then gives them the 
requisite to and fro motion. (See also Scr&en Conveyors, p. 463.) 

Reciprocating Feeder-screens are often useful for effecting a 
rough separation of coarse and finer materials prior to delivery to 
another machine. They may be used for a variety of purposes, of 
which only two need be mentioned. 

(а) When a mixture of coarse and fine material is fed from a 
bin or crusher by a conveyor belt, the durability of the belt may 
be greatly increased by causing the fine material to reach the bolt 
first and so form a cushion which protects it from the abrasive 
action of the larger pieces. This is effected very ingeniously and 
cheaply in an arrangement supplied by the Stephens- Adam son 
Manufacturing Co., of Aurora, 111., U.S.A., which consists of a belt 
conveyor over which is mounted a hopper and a reciprocating grid 
or grizzly. The mixed material falls on to the graitc and the finer 
particles pass through it to the belt, whilst the larger piecies pass 
along to the end of the grate and fall on to the cushion of liner 
material on the belt. 

(б) When it is necessary to crush a material containing pic'ces 

of several different sizes, it is economical to screen it roughly so 
that the smaller pieces (which do not require crushing) do not 
enter the crusher. Tliis arrangement sometimes pei'inits a smaller 
crusher to be used, and it always results in a saviiig in power. Oiu'. 
of the most effective screens for this purpose is a i'ecd])ro(!ating 
grate which acts as a feeder (Fig. 70). Tlio inixc^d 

material falls .■ • s - ■ on to the reciprocating grate, tin; finer 

material which does not require crushing falling through into a 
chute which delivers it below the crushing rolls. The coarse 
material passes along the grate, falls into th(i cruslu'r, a.n(l evcait- 
ually joins that which has previously falk'n through the grates 

Revolving Screens give the largest output of all so far as matcu-ial 
larger than 20-mesh and less than 4-mesh is coiUK'i’iit'd. For (iiu'r 
materials, inchned vibrated screens, as already (h'sc.rilxMl, ar(i 
preferable. 

Revolving or rotary screens consist essc^ntially of cylinders, 
polygons, or cones constructed of longitudinal bars On ('mi-frames, 
perforated steel-plates, or metal gauze mounted on wooden or melal 
supports. The screens are rotated at a moderab^ spcanl. Those 
with longitudinal bars are specially suitable for very (!oars(' sereem- 
ing, the bars being placed in. apart, and are j)arti(ada,rly used 
for heavy work which would cause excessive wear on other 'rotary 
screens. 
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Rotary screens with perforated plates are used for separating 
pieces from to 4 in. diameter ; the}?' are not wholly satisfactory for 
pieces more than 2-2^ in. diameter. 

Rotary screens fitted with gauze are suitable for separating the 
finest particles and all those up to | in. diameter, though for holes 
more than in. diameter a perforated sheet is much stronger than 
■wire gauze. 

The unscreened sand is supplied to one end of the screen which 
is given a slight inclination, so that, as it rotates, the coarser 
material is carried through it whilst the finer particles pass through 
the perforations or the mesh. 

The simplest form of revolving or rotating screen is a cylinder of 
perforated metal (Fig. 138) mounted on an internal shaft by means of 
ribs which form two or more “ spiders.” Nearly as simple, ljut having 
several important advantages, is a polygonal screen (Fig. 139) with 
five, six, or eight sides (usually six) constructed in a similar manner 



Edgar Allen cfc Co., Ltd., SheJJicld. 

Fig. 138. — Rotary screen. 

to the cylindrical screen. The hexagonal sc-reens arc rather more 
expensive in first cost, but they have a slightly larger screening 
surface for the same “ cliameter,” the shape iiKireasiis the “ tumbling 
effect ” on the material and so increases the output to a small 
extent ; repairs are made much more rajiidly as wcdl as more 
cheayfiy. If a cylindrical screen is broken, the repair (apart from 
a “ yiatch ”) is extensive, but with a yiolygonal sieve it is merely 
necessary to remove oiu'- side and replace it by a new one ; this is 
effected much more rapidly than the rejiair of a cylindiical sieve. 
This is a matter of great imiiortance on a busy day, as the sic've 
ncH'd only be stoyipcd for a few minutes in order to attach a new 
frame', whereas a cylinchical sieve must sometimes be sto])])ed for 
several hours in order that one section may be taken off and re])laced 
by a new one. When a cylindrical screen is made in sections which 
can quickly be replaced, the objection just mentiomid is largely 
obviated and the advantage of the cylindrical form—which involves 
loss wear and tear on the screen — is maintained. A cylindrical 
screen made in one piece may be cheaper in first cost, but after 
several years of rough usage it will be found to have cost more in 


458 


REVOLVING SCREENS 


repairs and loss through stoppages than a screen of the same size 
nade in suitable sections. 

Instead of mounting the cylinder or polygon, as described, on a 
haft running through the centre, it may be fitted with a hardened 
teel ring with a spur-wheel gearing and rotated on external rollers. 
Lhis method is better in several respects, and enables the interior 
of the cylinder to be perfectly clear, thus giving more space as well 
as avoiding the wear and tear on the shaft. External driving of 
this type is used chiefly for the heaviest screens, the lighter ones 



Parker, <b Aehurch, IJi/., 

Fig. 139. — Hexagonal Horeen. 


being mounted on a central shaft, or (as in tlu^ rotaiy scwcams 
made by Ord & Maddison, Ltd., Eig. 1-10) susix'ndc'd from scwcnul 
pulleys which, in revolving, turn the screen at the desinal rai(^ and 
ensure a very free and easy drive. A similar arraaigcmient is 
employed in the screens supplied by W. A. His(!ox, Lid., Dei'by. 
Screens which are not too large may be fitted with a disc, or cap iit 
one end ; this constitutes the only mounting n('(!(^ssary. Llui e.ap 
is fitted to the end of a horizontal shaft which, in rotating, causes 
the screen to rotate at the same rate (see Fig. 141 ). 

Conical Rotary Screens are similar to the ones just describetl, 
but are of a conical instead of a cylindrical shapci (Fig. 141) ; the 
shaft being quite horizontal makes driving easic^r than is thc^ c.aso 
with inclined cylincbical screens having an intermediates shape. 
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The material is delivered through a chute to the smaR end of the 
screen and the tailings are discharged from the larger end. The 
greater perimeter of the larger end gives a more rapid rate of travel 
to the coarser pieces, thus freeing them more readily from the 
smaller ones and ensuring a somewhat better separation. The 



Ord cfc Maddisuii; Ltd., DarlinoUm. 
Fig. 140. — Suspended rotary .screen. 


conical shape of the screen and the fact that a horizontal shaft is 
used, also effect a saving in weight, reduce the amount of head- 
room, and greatly simplify the arrangement, especiaUy if an elevator 
is used to feed the screens. In a cylindrical screen the elevator 
head must be mounted separately, but with a conical screen it can 
be mounted on the same shaft, thus simplifying the drive very 
considerably. 

In some cases, in order to reduce the wear and tear caused by 
th(i fall of the material from the chute, a small screen is placed 
inside tlio larger one (Fig. 141), the material falling into this small 



Slfidiciin Aildiiindii Co., Aurora, U.S.A. 


Fiu. 14 1. — (lilbcrt conical .screen. 

re(;eiv('.r and then, at a miuth lower vcdocity, into the screen itself. 
In other cases several .screens of diherent mesh can be arranged 
concentrically. In another type a number of conical screens are 
fitted on one sliaft, the small end of one screen projecting into the 
largo end of the next one. The material is fed in at the ux^per end 
of the first sci-een and is discharged progressively through the 
narrow end of one sieve into the large end of the next, and so on 
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through the series. An arrangement of this kind is sometimes used 
when washing and screening sand simultaneously (p. 400). 

As shown in Eig. 141 a conical screen can be arranged with a 
free interior, i.e. the shaft need not go through the cone. 

A very useful screen for separating sand and gravel is made 
by Ord & Maddison, Ltd., Darlington (Eig. 142), and consists of a 
cylindrical screen with a conical one inside it, the material being 
introduced into the cone at M by means of the chute A , which is 



fitted vith a grid N to take out the sand, which is instantly passed 
through the hole in cone B into the enlarged sereem 71, without 
mixing with the larger stones, thus ensuring perlecit s(!r('('ning. 
All other stones are passed by gravitation towards tlu^ oul.er end 
C, the largest ones being delivered to an elevator or breakc'r as 
desired. The small stones and coarse sand after passing through 
the cone are raised by means of clcvatoi' wing-|)]at(%s E, and may 
fall into a second cylindrical screen for further separation if required. 

Tapering polygonal screens are also used, either singly or in 
series, those of hexagonal shape being generally pred'erred. They 
are preferable to conical screens for the same reasons that straight 
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hexagonal screens are preferable to cylindrical ones (see p. 457). 
Hexagonal screens are mounted in the same manner as conical 
ones, and are used for the same purposes. 

Vibrating Revolving Screens . — ^When damp or adhesive sands are 
screened on a rotary screen, the latter may he vibrated by means 
similar to those employed for fixed screens. The most usual 
device is a loosely pivoted hammer-bar, so placed that it rests on a 
steel band surrounding the screen and fitted with four small pro- 
jections or “ anvils.” As the screen revolves, the hammer-bar is 
lifted by the anvils and then falls on to the screen-band, causing 
the screen to vibrate. This arrangement is very noisy in action, but 
is fairly effective. Several similar bars may be used on the same 
screen if desired. The vibration is intensified if the screen is 
suspended from chains (Fig. 140) instead of being mounted on a 
central shaft. 

Multiple Screens are those which can separate a mixed material 
successively into particles of several distinct grades or sizes. The 
simplest form is a long sloping sheet of metal composed of several 
sections each perforated with holes of a diSerent size, but rotating 
screens can be arranged in the same manner and to great advantage. 
The section with the smallest sized holes is nearest the top of the 
screen and that with the largest holes is at the lower end, the 
intermediate sections being arranged progressively according to 
the sizes of the holes. Thus, if there are six sections, the material 
would be separated into seven grades, namely one for each section 
and the tailings which are passed over the end of the screen. 

It is more usual to employ rotary screens (Fig. 138) than flat 
ones for multiple work on account of their larger output. It is even 
more important with multiple screens than with single ones that each 
sedition of the screen should be of sufficient length to effect a com- 
])lcte removal of all the particles it is intended should pass through 
it. A common mistake is to have the sections too short, with the 
result that the materials are imperfectly separated. The most 
generally satisfactory length of each section is 6 ft. 

Various other forms of multiple screens are also in regular use. 
For instance, the screens may bo quite separate, but so placed as 
to deliver their products to one another. This is the case wlnni 
several conical screens are mounted on the same shaft (Fig. 103). 
Another and very important form of multiple screen is described in 
the next section. 

Concentric Screens.— Instead of employing separate screens in 
series, it is often better to arrange them concentrically — inside one 
another (Fig. 143) — and to drive them by means of a common 
shaft. The coarsest screen is placed on the inside and the finest 
on the outside, the material being fed on the coarsest screen first. 
Fig. 144 shows a screen of this type in which the screen plates 
have been partly removed so as to show the facility with which 
they can be replaced when damaged. The advantages of con- 
centric screens are : 
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(i.) Much of the, wear and tear of the screens is confined to the 
coarsest . one — which is the strongest — whereas in most other 
arrangements the wear is greatest on the finest screen, which is 
least able to withstand it. 

(ii.) The arrangement is very compact and requires a minimum 
of space. 

(iii.) The arrangement is very economical in power. 



J. cl’ F. Poole, Lid., Ilatile. 

Fio. 143. — Conoontric screens. 

Another multiple screen wliicli is very commonly used consists 
of an ordinary revolving cylinder Avith holes of tiio desired size, 
surrounded by one with smaller holes to act as a scij)arator for 
dust and very small particles. Thus, if it is desired to sc])arato 
J-in. material and dust from coarse sand, the former is removed by 
the main cylinder and the latter is separated by the fine sen’oen. 



J. iD P. Poole, Ltd., Houle. 

Fig. 144. — Concentric screen showing sliding .screcci plai.cH. 


Ratio Of Apertures to Product.— It is not sufficiently rc^aliscnl 
that revolving screens must have larger holes than tlui iiartifiles 
they are intended to pass, because the inclination and tlui i-otation 
of the screen both have the effect of making the offeedivo size' of 
the holes much smaller than their apparent size. Fur si(jnos, the 
necessary ratio is readily found, but for sand it is inuch more 
difficult and, consequently, trials must usually be made of screens 
of various meshes. It is usually found that all the material passing 
through a 40-mesh rotary screen will also pass through a 50-mesh 
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standard sieve, and that the sand which passes through a 90-niesh 
rotary screen will pass almost completely through a 100-mesh 
standard sieve. 

On account of the great difference between the true and effective 
sizes of the holes, it is important to check the sizes of the screened 
particles by hand screening with standard sieves from time to time. 

Speed of Rotation. — The speed at which cylindrical rotary 
sieves are driven varies from 8-30 revs, per min., a speed of 16-20 revs, 
per min. being most usual. Polygonal screens may be driven at 
rather a lower speed than cylindrical ones, in some cases as low 
as 4 revs, per min. being sufficient for separating sand and gravel. 
This avoids much of the wear and tear which occurs in screens 
which are driven at higher speeds. 

Dimensions of Screens. — The dimensions of rotary screens 
should depend on the extent of separation desired. Usually 
each section of the cylinder is 4-6 ft. long and 2-4 ft. in diameter. 
Ample length is essential to secure a clean separation, but it is 
by no means unusual — especially in screens containing several 
sections in series — to find each section is much too short to do 
its work properly. This can best be ascertained by carefully 
examining the respective screened products after passing them 
through standard hand- sieves. 

Heated Screens. — ^When the sand is damp it will not pass 
readily through or along a screen. This difficulty may be largely 
avoided by fitting a number of steam-pipes beneath the screen 
so as to partially dry the sand and thus facilitate its passage through 
the meshes. Fig. 145 shows an arrangement of this type attached 
to a rotary sieve. If the sand is very damp, however, it wiU be 
clieaper to use a rotary or other dryer prior to screening. 

Screen-conveyors. — It is often convenient to combine a screen 
and conveyor in such a manner that a material is screened during 
transport. Most screens do this to some extent, but the term 
“ screen-conveyor ” or “ conveyor-screen ” is usually confined to 
those appliances which are primarily conveyors, but also act as 
screens. Such appliances are of several forms, and considerable' 
ingemuity is often exercised in adapting fresh combinations of 
screens and conveyors to a ])articular purpose. 

One type of rotary screen- conveyor (Fig. 73) con.sists of a stout 
shaft, on which are mounted a number of circular plates or discs 
set at a prearranged distance apart. This shaft is fitted in a broad 
slot, in an ordinary chute, so that w'hen the material falls upon 
tlu' edge of the disc the smaller pieces pass between them and so 
fall out of the chute, whilst the coarser material is carried round 
the circumference of the revolving plates and into the lower portion 
of the chute. This appliance is chiefly of use as a feeder for crushing- 
plants, as it takes up very little space horizontally. 

Another type of screen -conveyor consists of an endless belt 
(Fig. 71) composed of links a suitable distance apart and driven 
by a pair of sprocket pulleys.' Between the upper and low'er 
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parts of the belt should be a hopper to receive the small material 
passing between the links and convey it to a suitable bin. The 
coarser material is carried to the end of the belt and is then dis- 
charged. As the belt can be of any convenient length, a very 
effective separation is made with the minimum amount of head- 
room. This arrangement also has the advantage of being self- 
cleaning as the links pass over the sprockets, whereas the spaces 




C, WMHakcr (f; Co., Lid., Arrriiii/I.on. 
Fio. 145. — Stoam-heatod screen. 


between the bars in an ordinary grate or grizzly arc liable to choke. 
Below the belt a brush should be fitted to relnov(^ any adlu'nait 
particles, so as to prevent them being ground by and' damaging 
the return pulleys. A screen- conveyor of this typ(i, with a total 
length of 6 ft., will have an actual screening 'surfacio of about 
3 ft. 6 in. 

Another equally important type of screen-conveyor consists 
of an ordinary jigger conveyor, the pan of which is perforated so 
that it also acts as a sieve (see p. 455), the smaller particles falling 
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fchrough. the perforations, whilst the larger ones are “ jigged ” 
along the conveyor by a sharp to-and-fro motion imparted to the 
appliance. Such a jigger sieve has the great advantage of moving 
the material uniforroly over the surface, and, being horizontal, 
it removes a large percentage of fine material, thus giving cleaner 
tailings than a sloping screen. At the same time it has the advantage 
over ordinary horizontal sieves of lifting the coarse material from 
the screen at each movement, instead of at longer intervals, as in 
an ordinary to-and-fro sieve, and, as the taihngs are automatically 
discharged, there is no stoppage of the sieve to remove “ rappings.” 
The manner in which the sieve is moved ensures a greater “ life ” 
than in the ordinary to-and-fro sieve, and the screening surface 
is much greater than the latter in proportion to the power req[utred. 
As the top of the trough is open, the material can be inspected 
at any time, and any damaged or defective part of the conveyor 
can easily be seen and repaired. 

Dust-proof Casings. — Where sieves are fikely to produce much 
dust, as in fine screening, it is desirable to enclose them in a dust- 
proof casing, which prevents a serious loss of material and avoids 
injuring the health of the workers. The shape of the casing depends 
on that of the screen ; it may usually be of wood or sheet-iron 
plates, and should be fitted with doors to give ready access to the 
interior. In some cases a fan is used to draw the dust into a dust- 
collector, from wliich it may be recovered without loss, whilst the 
air is allowed to escape. These collectors are of two types — 
(a) filters in which the dust-laden air is passed through cloths or 
into bags or “ candles ” which retain the dust, but not the air ; 
and (h) separators in which the speed of the air is reduced to such 
an extent that it cannot carry the dust any further, but is obliged 
to deposit it. Filters are usually the more efficient when in good 
order, but require frequent attention. The best results are obtained 
by passing the air first through a separator or depositing chamber, 
and then through a filter. 


CLASSIFYING 

The term “ classification ” is particularly ajDplied to the 
se]oaration of a material into groups, the particles in each groiq) 
having the same rate of falling from suspension in water. It may 
sci-ve either of two purposes : (a) separation of particles similar in 
size, but of different specific gravity, and {b) separation of particles 
of unifoi'in specific gravity, but of different sizes. The first pur])o,se 
has been described in Chapter IX. ; the second purjoose is that 
known as “grading,” and is mentioned here because classification 
by means of water or air may often be conveniently em])loypd for 
grading some very fine materials which cannot conveniently be 
separated by sifting. Various methods of classification are largely 
used for separating metalliferous sands into a portion rich in the 
VOL. I 2 H 
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desired metal and a second portion or gangue free from metal ; the 
same methods are also used for grading finely ground or levigated 
silica in order to separate the finer from the coarser particles. 

When a classifymg device is used for separating fine particles 
from coarser ones, all the particles must be of approximately the 
same specific gravity, as, otherwise, large particles of low specific 
gravity and small particles of high specific gravity will both be 
collected in the “ coarse ” portion. 

The factors governing the speed of settling are given on p. 250. 

The apparatus used for water- classifying is practically the same 
as for washing (p. 384) or concentrating (p. 413), whichever may 
be more suitable. The chief forms of classifier are : (a) troughs 
such as those used for washing (p. 385) and concentrating (p. 415) ; 
(b) pyramidal or conical separators such as the spitzkasten (p. 398), 
spitzlutte (p. 398), or separating cones (p. 394) ; (c) jigs sinOi as 
are used for concentrating (p. 420) ; and (d) centrifugal machines 
(p. 407). 

Classifying with Air 

Air separators are very valuable for classifying liiu'. ])aTticles 

of dry material which are too fine to be dealt with by screening. 

They are based on the principle that if the 
mixed particles are suspended in a c,inTcnt 
of air of regulated speed, this strcaan of 
air will carry the finer particles of sand, 
etc., along with it, whilst the licavicn- oiu'S 
sink, and may be removed throngli an 
opening in the bottom of tlu^ machine. 

The suspension is sometimc's ('ihuih'd 
by blowing a current of air into tlie 

material to be treated, but a far more 

effective susy)ension is obtaimal by allow- 
ing the particles to fail on i-o a, rapidly 
rotating disc. Tlie centrifugal force; im- 
parted by the disc to tin; ])arti(l(;s caaiscs 
them to fly off the disc; at va,rying i’al(;s 
according to their r('S])ective size's, anel se) 
effects a preliminary se^parallem, wliilst 
the current of air whieh reeu'ive's them 
after they leave the dise; e!e)mi)le',te'.s the 
classification. 

The air separators of this tyj)o (Fig. 
146) now generally nseel weirej inveaite'el 

Fro. 146.— Section of air by Mumford and J\le>e)die;, but they are 
separator. manufactured by seiveu'al firms, as flu; 

chief patents have long since eixpired. 

The material to be sifted is introchniod into the separator 
through a hopper Gin the centre of the top-plate F, and falls on to a 
rotary spreader Ey, wliich throws it outwards by centrifugal force 
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in a thin stream into the current of air drawn upward through 
the apparatus by means of a fan E, E. The fine particles are carried 
upwards and pass into the outer casing A, which leads to a chute, 
whilst the coarser particles, which are not lifted by the current 
of air, fall into the inner casing B and are collected by means of a 
second chute having two outlets a, a. 

In an improved form of separator known as the Selektori a 
number of metal rings arc arranged beneath the spreading plate, and 
the air is made to travel up the casing until it meets the descending 
stream of material and then between the metal rings, so that the 
fine material is drawn through these into the inner casing, whilst 
the coarser particles fall straight down into the outer one. This 
apparatus gives a somewhat sharper separation than the simpler 
type first mentioned. 

The speed of the air passing through the apparatus can be 
varied within wide limits in order that particles of any desired 
size may be separated, and, if necessa.ry, several separators can be 
used in series so as to obtain jiroducts of various distinct grades. 

The air discharged from the separator may contain a consider- 
able proportion of very fine dust, which should not be passed into 
the atmosphere, but should be collected by means of one or more 
large conical settling tanks, or “ cyclone separators,” ari’anged in 
series, the last traces of dust being held batdc by means of a suitable 
filter. If the fine dust is quite useless a scrubbing tower with 
s]irays of water may bo mojt^ convenient than a filtcu'. 

l\y using cyclone s(q)arat(.)rs of different (Uamet(‘rs, the powder 
may s('i)aratod into an <Miual number of grades of different 
lintmess. 

To obtain tlu' Ix'st results, the material siqpdicd to an air 
se])arator should not contain any notable proportion of particles 
larger than ^ in. (liam(h.('r; and the neai’cr the material a])])roach('S 
th(< nature^ of a. powder, tlu' betlx'r will be tlui separation. 

Air K(q)arators an' oidy sa.tisfa.(!tory when ]n‘0]')erly supjdied 
wilh suitabh' nuiteriaf, but an' then rapid in ac'tion and ha,ve a 
hii'gc! Old put. It is most important, however, that the* material 
should b(' sullictc'ntly (by, or tiu' partic'les will adlu'n' together 
a.n(l will not b(' properly separated liy the current of air. To 
anssist in tlu' s(‘pa.ration of (lanqi materials tlu' use of hot air is 
somelinu's recoinnK'iuh'd, but it involves diffic-ultic's due to its 
r('('ble caiTying power. The nuu'hiiK' must- b(' fed at a constant 
rat-i', and siiecial caj’(' is nec'ch'd not to ovc'rload it, so that a mechanic'al 
f('('(ling device' is (h'siraibh'. 

It is oft('n (u)nv('nient, and (][uite satisfactory, to connect an 
air separator to a ball mill, the produc't from the mill passing 
into th(' se[)arator, and the “tailings” being returned to the mill 
for furth('r grinding. The sinqilest nu'ans of delivery from the' 
mill to tlu' s('j)arator is a buc'ket ch'vator, but if the whole of the 
jiroduct is suilic'iently line it may be drawn from the mill by a 
current of air moved by the' fan in the separator. 

VOL. I 
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Air separators have the advantage over sieves of being very rapid 
in operation, having a large output, and being capable of grading 
particles which are too small to be separated by sieves. They 
require little power, and only occupy a. small floor space. 

The fact must not be overlooked that an air separator tends 
to separate the particles in accordance with both their specific 
gravity and size, as a minute particle of high specific gravity would 
be carried away by a stream of air of the same speed as would 
carry a large particle of smaller specific gravity. In the case of 
comparatively pure sands, where all the particles are of the same 
specific gravity, the separation is strictly according to size, but 
this would not be the case with a powder composed of substances 
of widely different specific gravities. 


AREANGEMENT OF PLANT 

The various parts of the plant used in crushing and purifying 
sand should be so placed that the sand or rock travels by gravity 
through the crushers and screens, washers, etc., to the truolcs 
or to the storage bins, even if this necessitates raising the raw 
material in lifts or elevators to the crushers, etc. 

The discharge outlets of the bins should be, as far as possible, 
at a convenient height above the railway, though each works 
must be considered separately and local conditions tak(^n fully 
into consideration. It is not unusual to have the final ])i'oducts 
much below the railway, so that they have to be raiscHl to the 
latter ; when this is the case it will usually be found, on investigation, 
that a cheaper arrangement would have been to have us(i(l 'smaller 
wagons or a conveyor to raise the sand or rock to a height sudicnnit 
to deliver the finished product above the to]) of the railway trucks. 
A typical arrangement of a plant is shown in Fig. 121 (p. 424), l)ut 
conditions differ so greatly in different works that “stajidard 
designs” are of little value. The skill of tlu^ expeu't is la.rgcdy 
shown by an efficient and economical arrangement of tlui pkint to 
suit local conditions. 



CHAPTER XI 

STORAGE, PACKING, AND DESPATCHING SANDS 


The problem of storing, paoldng, and delivering sands or erushod 
rocks is one which needs careful consideration in arranging the 
plant, as its output is largely controlled by the storage capacity, 
and a “ bottle neck ” may mean a serious loss in working. During 
the winter months the jmeparation of sands is generally discontinued, 
but as there is usually a limited demand for material during these 
months, suitable arrangements should bo made to ])rovide sufficient 
storage capacity to meet the demand. It is most important that 
this market should not be neglected, as high prices can oftem be 
obtained during the winter months on account of th(i greater 
scarcity of available sand. 

Manufacturers of crushed stone can usually work all the year 
round, but as the demand is not nearly so great during the winter 
as in the summer, they must either work tlie •i)lant at less thaii 
its full capacity, or provide storage space for all the niatc'.rial in 
excess of demands. 

Two methods arc', available for storing sands, etc;. : (i.) storage 
in bins, and (ii.) storage in open piles. 

It will be obvious that the cost of bins for storing inatcrifd 
for four months or morc^ would be exorbitant, so that larger ((iiantii ies 
ai'('. usually stored on the ground in pih^s or “ dumps." The 
situation of these dumps sliould be candidly considiu’c'd, a.s it 
should fulfil the following conditions ; (a) It must bc^ sunicii'iitly 

near to the ])lant so that dumjiing can be (iarried out ccionomictally. 
{h) It must not interfere with any other part of the works, and must 
not rc'.iuh'r any usefid material inacce.ssible. (c) If. must Ix^ con- 
vc'uiently placed so that the sand can be readily loaded into trin^ks 
for transjiort by rail, road, water, or whatewer means are em])loy(xl. 
(f/) Tluire must be no danger of damage if any slipj)ing of the 
material in the ])iles occurs, (e) If the sand is likedy to remain in 
th(i pile for some time it may rec|uire further treatment, suc.li as 
screeming bedon^ it is loaded for transport, in which case it must 
be easily transjiorted to the machine used for such treatment. 

Ground storage, when arranged in accordance with the above- 
mentioned rules and any other local conditions wliich may arise, 
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is very cheap, and amply repays the cost of storage. On the other 
hand, piles which are badly placed may prove to bo important 
sources of loss. The dehvering of the material to the piles is 
preferably made by means of a belt conveyor or ropeway (Figs. 147 
and 148), arranged so as to pass over the pile and discharge on to 



it. ^ This is by far the cheapest method, provided care is taken 
in its installation. A canvas belt is quite satisfactory for sand, 
but rubber is better for crushed stone. The details of construction 
to be noticed in connection with belt conveyors are descaibod (ui 
pp. 328-335. The conveyor receives the material direcd from the 
screens or other parts of the plant, and should be arranges ! so as 
to give ample tipping space. The conveyor may be discdiarged 
by any suitable automatic arrangement, such as" l)y s(!ra[)ing or 


TRIPPER 



tilting the belt (Fig. 55). The latter is better, a,s it does not abrade 
the surface of the belt so seriously as a s(a-aper. The serious effect 
of a scraper is due to its being stationary whilst in use ; the damage 
is greatly lessened if the lower part of the scra])er consists of a 
brass roller, mounted on ball-bearings and running the length 
of the scraper. The friction between the belt and roller causes 



STOEAGE OF SANDS 471 

the latter to revolve and so reduces the scraping effect to a 
ininimum. 

The chief difficulty experienced in constructing temporary 
piles of sand or similar materials is due to the fact that an over- 



head conveyor or ropeway forms a long narrow pile instead of 
a short broad one. This is an almost inevitable result of the 
use of such appliances. It may be obviated to some extent 
by having the belt or rope supported on uj)rights which are ])ivotcd 
near their base, so that their tops may bo moved through a con- 
siderable angle to either side of the vertical position (Fig. 149). 
By this moans the centre of the pile may 1)0 extended liorizontally 
on either side of the vertical supports t(.) a distanc.e. equal to the 
maximum height of the pile. Thus, if tlie pile is 30 ft. high, it 
can by this means Ix^ extended so as to consist of three separate 
long ])iles ])arallcl to oac'h other 
and having their (amtres 30 ft. 
a[)art. If the atigle of tv^pose is 
taken as 40°, tlu'. total width of 
the throe piles will bo 131 ft., and 
as the spa (!0 between tlu'in e.au 
bo filled u]) level with the toj) 
of each pile t he total ainount of 
maOnial present will lx* about 2,f 
liauis a.s imndi as if a. singh' [)il(‘ 
liad been formed by t he saiiu' con- 
veiyorwith (ixcxl vertical uprights. 

The only diffieiulty with this ar- 
rangenuuit is tlu' i)rovision of a. 
structures to whidi to attach tins 
horizontal guy - re)pe‘s whiedi are 
lUHsdesd when the su[)ports are in 
a steeply inclinexl position. 

An alternatives methoel is to provides a movable transverses 
belt below tins main ce)nvcsye)r (Fig. 150), and te) use this to extend 
the width of the piles. 

It is se)metimes desirable to have, restaining walls on cither 
side of the tip so as to prevent the matesrial spreading too far. 
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Storage in open piles is more common in this country than any 
other method, hut it is not reaUy economical if the piled material 
has later to be loaded by hand into wagons. It is far b(4tor to 
store as much as possible of the material in bins, so as to avoid 
the cost of rehandling. In addition, the bins keep it clean ; this 
is especially important in the case of purer sands such as those 
used for glass-maldng. In America, bins are used far more than 
in this country. 

Reloading. — Various methods are used for reloading the sand 
or crushed stone. The use of labourers with shovels is the most 
common, but if there is a large amount of material in the pile 
it will usually be cheaper to employ a mechanical loading device. 
One of the simplest of these consists in running a bucket loader, 
such as is described on p. 308, up to the pile and loading direct 
into trucks ; or if the rail does not run sufficiently near to tlic^ tij), 
the bucket loader may discharge on to a belt conveyor whicli 
conveys the material to the trucks, or to the plant for rcH'.j'ushing 
or screening. 

Grabs, or any other suitable methods of loading (see Ghaptc'.r VII.), 
may also be used, different conditions necessitating diflerent 
methods of worldng. 

Another useful method of reloading consists in having a trench 
covered with stout planks beneath the tip. Wagons may Ix' run 
along the trench and filled from the pile above as in thc! case’ of 
a simple hopper. The disadvantage of such an ai'rangemcuit is 
that the cost of trenching is often as great as the' consiriu'tion 
of a bin of sufficient size. The top of the trench shouk 1 be sii Ifieu'eMitly 
strong to sujoport the great weight of material pik'd above' it. 
Such a trench may be built of any convenient size', lhe)ugli if 
railway trucks are to be used it should be at least 15 ft/, wiek) 
and about 15 ft. high. It is often convcnit'nt to firrange the' rails 
so as to have a slight slope, which, aids in ]ia,ssing tlie true'les ihre)ugh 
the tunnel, or some mechanical haulage de'vice imiy bo j'roviek'el. 
If desired, a belt conveyor may be run through the'" tunne'l insl/exiel 
of cars. In such cases, the trench need emly be eibout 7 ft., sepuire'. 
A further cHsadvantage of such a trench or tuniie'] is that the' vvlee'le' 
of the material cannot be loaded through it, as ilie k)w('i’ pe)rtion 
of the pile will not slide into the trench. Otlu'r menus must, 
therefore, be emiDloyed for recovering that ])e)i-tie)n. of tlu' pile', 
or it may be left so as to provide permanent slopes de)wii whie'h 
the upper part of the freshly tipped sand may slide intn ilu' temiu'l. 

Storage bins of wood, brickwork, or concrete are use'el for he'kiing 
a comparatively small amount of material. Li most c'fises, 1,he 
capacity of the bhis is only about two or three days’ supply on 
account of the great expense involved in their construction the 
remainder of the stock on hand is usually stored in open ])ileH 
as described previously. 

Storage bins usually consist of square, rectangular, or round 
bins, supported on columns, or by other suitable means, and having 
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a conical or inverted pyramidal liopper at the bottom down which 
the material passes to an outlet in the base. Other outlets in 
the sides of the bins are convenient for loading carts. The outlets 
should be closed by suitable “ gates ” or slides, which should 
be easily operated and yet should be quite tight when closed. 
Some “ gates ” are difficult to use satisfactorily because they 
have been designed for gravel, or other coarse material, and not 
for sand. A slide with rackwork and pinion, if kept properly 
lubricated, is usually the most satisfactory “ gate ” for sand bins. 
The bins may be of any convenient height, though an excessive 
height Avill unduly increase the cost of construction, as the bins 
must be designed to withstand the pressure of the sand in them. 
A bin 16 ft. square and 48 ft. high from the bottom of the hopper 
to the top of the bin will hold nearly 400 tons of sand, assuming 
that the sand weighs approximately 90 lb. per cu. ft. This is 
about the maximum convenient size of bins, especially when the 
cost of construction is taken into consideration. Much shallower 
bins are often used, another very convenient size being about 
18 ft. square and 30 ft. high ; such bins hav(^ a capaeity of nearly 
270 tons. 

The sides of the hopper should slope at an angle of about 
60 degrees with the horizontal so that the sand will readily slide 
down the sides. Too small a slope will cause clogging of the sand 
in the hopper, and trouble is then certain to result. 

Ample space should be left beneath the hop]3er so that full- 
sized railway trucks may be run unrlerneath, the rails beneath 
the bins forming a siding from which the tnuiks can be run on to 
tlu' main liiu'. 

The bins shoxdd preferably be covered ov(a' with a permanent 
roof so as to |jrotcct tlni material from tln^ wc'ather. In some 
cases, the whole of the idant is (U’ceted over the bins, and so servers 
as a roof. 

The details of design and (construction of the bins are ])r('ferably 
left to a (inn skilled in smcli work, as an aeccichmt resulting from 
defects du(( to amateur work might b(c disastrous. 

The matecrial is e<)nv(\y(al to tb(( bins l)y ditfen'iit means accord- 
ing to the respeetiv(c locations of the bins and macbiiuny. Wbem 
the bins are bedow tiu' nuudiinery, th(( mattniai may be eari'iccd 
from th(c latter by means of eludes ; wliilst if tlu' machiiu'ryis Ixdow 
the l(iV(d of the top of tluc bins, tiuc sand must be raised by nuains 
of ('kwators and aftcerwards dis(charged iido tlu' bins. Wh(‘r(' 
sewerai bins are to b(' (illed with tlu^ sanuc material it ma,y Ixc dis- 
tributed by moans of s(crew or belt conveyors. Grabs (p. 287) 
are also used for filling the bins and, if lU'c.essary, for lifting material 
from the bins and loading into wagons. In this way a bin (can 
bo emptied from the bottom and to]) at the same time. 

Bagging or Sacking. — The purest sands, such as those used 
for glass manufacture, are sonudiines ])a(!k(Ml in sacks for trans])ort. 
The sacks may be filled either by hand or by an automatic macliino. 
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The former is preferable for small quantities, but where much 
material is put into sacks or bags a machine is best. 

Automatic sack-fillers (Fig. 151) usually consist of a balance 
to one arm of which is attached the end of a tube through which 
the sand passes from the bin or hopper, weights being attached 
to the other arm. The sack is fastened to the end of the discharge 



ir. c& 7'. Avery, Ltd., IVmniinihaiii, 
Fig. 15L— Sack-filler. 


tube and is filled by opening a valve in the tube from the bin. 
When the weights and the sack balance each other, the valve is 
automatically closed and the sack removed and tied. In some 
forms of bagging machine, the discharge tube is in the form of 
an inverted Y and with balances ; one sack is filled by the sand 
passing down one branch of the Y, and the other is filled by reversing 
the feed valve. In this way, the sacks can be filled more quickly 
than with a plain feeding tube. 
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Despatching. — Sand may be delivered to the customer by 
various means : for short distances motor lorries (p, 340) are 
probably the best ; for longer distances railways (p. 342) or water 
carriage (p. 342) is necessary. 

The lorries, trucks, barges, etc., which may be used for convey- 
ing loose sand should be cleaned carefully before being filled with 
the material, and, should preferably be kept for conveying sand 
and nothing else ; otherwise the sand is liable to be contaminated 
by foreign matter, with results which may, in some cases, be serious. 
Where the sand is carried in bags, this precaution is not so important, 
though even then clean trucks, etc., are preferable to dirty ones. 

Tor most purposes, the sand may be despatched in ordinary 
open trucks, wagons, or barges, as it is not affected by weather, but 
covered conveyances should be used for specially pure sands, such 
as those used for glass manufacture, etc. 
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